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I INTRODUCTION

A. Summary

The Electromagnetic Techniques Laboratory of Stanford Research Insti-

tute has designed , developed , and fabr ica ted a p lanar K-band (18.0 to

26.5 GHZ) low-noise , balanced m ixer with a wide IF bandwidth of .10 GHz

using advanced microwave-integrated-circuit (MIC) techniques spec if ic all y

suited for millimeter-wave app lications. These mixers successfully demon-

stra te the f i r s t appl ica tion of p lanar  MIC techni ques at millimeter wave-

lengths to achieve low-noise performance over wide bandwidths. They es-

tablish the feasibility of the planar MIC approach up to 40 GHz and pave

the way for similar developments to 80 GHz and beyond .

The major goals of the development were to:

e Obtain wideband operation in each mixer covering as a mini-
mum the K- and Ka- waveguide bands , respec tively.

• Demonstrate the high-performance capability of p lanar
millimeter-wave circuit techniques for future system

app lications.

• Establish techniques that are feasible for operation to
the 40-to-60-GHz range and above.

• Establish design techniques chat can be easily extended to
inc lude YIG-tuned filters and local oscillators all on one
substrate.

• Obtain a design of minimum size and eliminate bulky wave-
guide adapters.

• Achieve nom inal conversion loss and noise-figure performance
for LO power variations of up to 6 dB.

• Provide IF filters designed with 10-GHz bandwidth to extend
the potential mixer app lication capabilities to systems
using double conversion.

1



The primary objective s of t i m e  m ixe r  deve lopment program were to

ach ieve h igh performance over wide bandwidths in a small volume with high

reliability and with low cost in production . All these objectives were

achieved  by the  app l i c a t i o n , to the millimeter-wave region , of techniques

proven at lower frequencies. This approach assured tim e successfu l com-

pletion of the development program within a six month period and resulted

in mixers that met all the expected performance specifications.

The h ighl ights of the typical performance of the two types of mixers

for a LO power level of ÷3 dBm are listed in Table 1-1. Additional de-

tails on the performance are contained in Sections II and III.

Table 1-1

MIXER PERFOR MANCE SUMMA RY

K-Band Ka-Band
Image-Reject Mixer Balanced Mixer

Main Test Parameters (18-26.5 CHz) (26-40 CHz)

Coal Ach ieved Coal Achieved

LO por t VSWR 2.5:1 1.4:1 2.5:1 2.5:1
RF port VSWR 2.5:1 1.5:1 2.5:1 1.5:1
IF por t VSWR 2.0:1 1.25:1 1.5:1 1.25:1
Conversion loss 8.5 dB 8.7 dB 8.0 dB 8.0 dB

Noise figure at 168 MHz IF 10.0 dB 10.2 dB 9.5 dB 9.5 dB
(IF bandwid th 110 MHz ,
IF amp li f ier no ise f igure
1.5 dB)

LO to RF isolation 13.0 dB 15.0 dB 25.0 dB 25.0 dB
2 / 2 balance at -20 dB RF 40.0 dB 53.0 dB 40.0 dB 45.0 dB

power level
Image rejection 20.0 dB 22.0 dB Does Does

not  not
app ly appl

y2



B. Conclusions

The k —  and K a — b a n d  m i x e r  deve lopments  of t h i s  p I u ~~r ict i  have demonstrated

the broadband  c ap a b i l i t i e s  ol the  p l a n a r  M1C c o n s t r u c t i o n  at r r e qu e n c i c s  up

Le -40 Gi- iz .  fimes e MIC t echn i ques cart now be c on s i d er e d  ior  app l i ca t i o n  in

odmer broadband  sys tems at  mm w a v e l e n g t h s .  Some ap p r o p r i a t e  app l i c at  i u n .~

a r e  in IFM ( i n S t a nt a n eO U S  f r e q uen c y  m e a s u r i n g )  p o l ar  d i s c r i m i n a t o r s ,

chann e l U:ed r e c e i v e r  f r o n t  ends , s u p e r h e t r o d ync r e c e i v e r s , a nd o t h e r

LCM/LSM ( e t ec L r o n i c  c o u n t e r  m e a s u re s/ e l e c t r o n i c  s u p p o r t  measures) app li-

cations where wide bandwiu th performance is desired with small size and

low p r o d u c t i o n  c o s t .

It ap p e a v ~ that  the se  p lana r  ~11C tech ni ques can be ex tended  f u r t h e r

in t r c q ue n c y - -l i r s t  to 60 GHz and possibly to 100 Gl-Iz. At t h i s  t ime , the

p lanar MIC techni que seems to be the most promising fod achieving wide

band operat ion at mm wav e l e n g t h s . The uppe r f r e q u e n c y  limit will be

determined primar ily by the precise mechanical d imensions and tolerances

o bt a i n a bl e  f r o m  the a v a i l a b l e  f a b r i c a t i o n  t e c h n i q u e . New design approaches

and techniques are necessary to realize circuit components ( p a r t i c u l a r l y

3-dB hybrids) with wideband performance at [00 GlIa . These new design

approaches will require less stringent mechanica l tolerances (measured

in el ectri cal wavelengths ) in order to provide for the development of

comp lete comp lex p lanar MIC systems up to 100 

GHz.3



II K-BAND (18.0 to 26.5 GhIx ) MIC , IMAGE-REJECT MIXER

A . Background

The K-band (18.0 to 26.5 GHz) image-reject mixer was developed for

ship board applications . It is applicabLe to wideband , low-noise and high-

RF-bandwidth receiver systems and features coaxial RF and LU port 3 for

easy integration with YIG-tuned filters and oscillators.

The basic approach used to realize the K-band image-reject mixer was

the planar M1C technique. All of the RF circuitry and a major portion of

the lF circuitry were constructed on a single sapphire substate 0.75 / 1.50

inches in size and 0.010 inch in thickness. This approach reduced inter-

connecting line lengths to a minimum , thereby reducing circuit losses.

Using a sing le substrate also eliminated connectors and jumpers from

the interna l circuitry of the image-reject mixer . Subsequently , impedance

discontinuities between components were reduced to a minimum so that phase

and ampli tude ma tch ing over a broad band cou ld be more easi ly achieved.

Because each of the component parts on the substrate were processed at

the same time , their performances were closely balanced and the overall

bala nce of the image-reject mixer was substantially enhanced.

A’ll of the design performance goals as outlined in the Introduction

were achieved for the K-band image-reject mixe r Mode l KIRM- 2(2), shown in

Figure lI-I. In particular , consistent performance was obtained ove r the

entire waveguide bandwidth. The mixer performed as expected from theoreti-

cal considerations under conditions of LU power variations of 6 dB.

Section Il-B discusses the design princip les of the K-band image-

reject mixer , and de tai led performance characteristics are presented in

PF~ CEDIiG PAGE(BLANK.NOT ? I U L D
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FIGURE Il-i K-BAND (18.0 to 26.5 GHz), MIC . IMAGE-REJECT MIXER . MODEL KIRM-2(2)

Section 11-C. Sect ion I I - D  p r e s en t s  p e r f o r m a n c e  of the s i n g l e - b a L a n c e d-

mixer portion of the image-reject mixer for comparison and also includes

per fo rmance  of s eve ra l  of t he  component  p a r t s  used in the image - r e j ec t

mixer. Operating instructions for the image-reject mixer are given in

Append ix A . The performance goals for this development and a technical

performance comparison are presented in Appendix B.

B. Design Principles

The image-reject mixer incorporates a pair of balanced mixers (single-

balanced or double-balanced), two RF hybr ids , and one IF hy brid as sF~own

in Figure 11-2. The RF is fed through a quadrature hybrid while the LO

is fed through an in-phase powe r divider. The IF outputs from each

balanced mixer are combined in a quadrature hybrid operating at the 
IF6



BALANCED

MIXER

I
TA652583-94

FIGU RE 11-2 BLOCK DIAGRAM OF IMAGE-REJECT MIXER

frequency. The response due to the upper sideband appears at one output

port rtf the IF hybrid , while the response due to the lower sideband ap-

pears at the other. Therefore , the image response is suppressed without

the USC of RF band pass filters preceding the RE port.~~* Also , the noise

in the image band generated by a microwave preamp lifer is suppressed .

Either sing le- or double-balanced mixers may be used in the design of an

image-reject mixer , and the respective advantage s and disadvantages of

each carry over to the image-reject mixer.

Figure 11-3 shows the RF , IF , and bias circuitry of the K-band , image-

r e j e ct m ixer , Model KIRN-2(2). The IF quadrature hybrid is contained in

the compartment under the substrate and is the only element not visible

in the figure. The image-reject mixer shown consists of two single-

balanced mixers . RF and LO signals  are supp lied to each single-balanced

mixer through the quadrature hybr id HI , and the in-phase power divider .

References are listed at the end of each major section.7
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FIGURE 11-3 RF AND BIAS CIRCUITRY OF K-BAND (18.0 to 26.5 GHz), MIC . IMAGE-
REJECT MIXER , MODEL KIRM-2 (2)

The RF load resistor for tim e quadrature hy brid Ill and time ba lancin g

r e s i s t o r  for  t ime  i n-p h a s e  power  d i v i d e r  a r t -  t h i n - f i l m  t a n t a  [urn n i t r i d e

r e s i s t o r s  f a b r i c a t e d  on t he  s u b s t r a t e  d u r i ng  the  c ir c u i t - d el i n e a t i o n  f ro-

c&. - ss  . Time two s i n g l e — ba l an c~~d i i  s c m  p o r t  i otis of time e ircij i t a r c  lo c a t e d

on o p p o s i te  ends  of  t i m e  s u b s t r a t e ,  l i m e  m i x e r  d io d e s  a r e  ~c h o t t ky — b a r r i e r

beam— l ead  dev ices  ( i l e w i e t t - P a c k a r c i  5 0 8 2 — 2 7 6 9 )  , and a r e  s h u n t - c o n n e c t e d  t~

ground  t h r o u gh a c o n d u c t i v e - e p o x y - f i l l e d  h o l e  in  t i m e  s a p p i m i  re s u b s t r a t e .

The IF  c o m b i n i n g  c i r c u i t s  and a p o r t i o n  o l  time d i o d e — h i i i s i n c  c i r c u i t s  ar e

L o c a t e d  a t  the  e x t r e m e  end s of t i me  subs t m a t e .  Ch i i c a p a c  i r s  • m n ~i c i m i p

r e s i s t o rs a r t -  u sed  b r  the  (Ic a n d  I F  c i r c u i t s . 8



Ihe two PC boards at opposite end s of the sapphire substrate contain

the d i o d e  bias and protective circuits and provide the bonding pads for

ribbon leads connecting to the circuitr y on the sapphire substrate. The

quadrature hybrid b r  the iF and the coaxial cabLes to the IF output ports

connect through the back side of rime PC board and are not visible in the

figure.

C. Measured Performance

A performance summary of test results obtained for the K-band , image-

reject mixer , model KIRM-2(2) is shown in Table Il- I.

Details of the noise-figure performance are shown in Figure 11-4.

From the data in Figure 11-4 the diode bias currents were set at 1.0 mA ,

corr espondLr-mg to the minimum-noise-figure condition with +3 dBm LU drive .

N o t e  also tha t at 1.0 mA diode current , varia tions of the LO power from

O to ‘1.0 dBm change the noise figure by onl y 1.5 dB and by only 0.6 dB

for LU power variations from +3 to +l0dBm. Therefore , for the condition

in which the LO source may be g radua l l y degrad ing ,  as is not unusual at

millimeter wavelengths , the KIRM-2(2) mixer is capable of providing noise

performance that is only slightly degraded.

The convers ion-loss characteristic shown in Figure Il-S illustrates

the broadband capability of the KLRM-2(2). The conversion loss is less

than 9 dB over 9U7,, of the band and rises to a maximum of 10 dB at the

uppe r bandedge . The image-rejection characteristics and the 2 ~ 2 inter-

modulation products are also shown in Figure iI-5. fite curves labeled

Por t Jl apply when the LU f req uency is grea ter than the RF f r equ ency,  and

Port 31 is the outpu t port for the real IF signal. (Port J2 would be the

outpu t port for the image signa l , in this case,) When the LO frequency

is less than the RF frequency , the real signa l appears at Port 32 and the

curves labeled Port J2 app ly. Note that the image rejection is typicall

y9



Tabl e Il-i

PERFORMANCE UF K-BAND , MIC , IMAGE-REJECT MIXE R ,
MODEL K I R M - 2 ( . )

Test Results

Notes Parameter Max or Mm Data
________ __________ 

Typic al
Data

+3 dBm +6 dBm

Conversion loss , dB 10.0 9.6 8.7
Image rejec tion , dB 18 17 22
LO-to-RF isolation , dB 12 9 15
LU-to-IF-isolation , dB 36 36 41
RE VSWR 2.4:1 2.6:1 1.5:1
LU VSWR 2.0:1 2.4:1 1.4:1
IF VSWR (168 M1Iz) 1.4:1 1.4:1 1.25:1
l-dB compression point , dBm 0 +1 ÷1.5

1 Common-mode rejection , dB 16 16 .4 26
2 2 x 2 suppression , dB 44 45 53
2 4 x 3 suppression , dB >60 >60 >60
2 3 x 4 supp ression , dB >60 >60 >60
3 2-tone 2nd-order , intermod , dB -40 -42 N/A
3 2-tone 3rd-order , in termod , dB -52 <-60 N/A

Mixer Parameters

Frequency: 18.U to 26.5 CHz
Size: 4” ~ 2.5” x 2.1” exclud ing connec tors
Weigh t: I pound
Power requirements: +15 Vdc at 2 mA

-15 Vdc at 2 mA
LO drive range: ÷3 to ÷6 dBm

Notes: (1) Injected RF leve l = -20 dBm .
IF’ output level measured relative to RF level.

(2) RF level = -20 dBm .
IF output level measured relative to primary IF output.

(3) RF1 = RF2 = -20 dBm .
Data taken at 25 GHz.

10
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MIXER , MODEL KIRM-2(2) . IF frequency = 168 MHz , diode bias currents =

1.0 mA , LO power input = 3.0 dBm.

grea ter than 20 dB and dips to a minimum of 17 dB near band center. 2 ~
‘ 2

intermodulation products are greater than 40 dB across the band .

The transfer characteristics and the second-order intermodulation

characteristic is shown in Figure 11-6. The 1—dB compression point is

slightly above 0 dBm and the second-order intermodulation intercept point

is ~6 dBm . Increasing the LO drive to +10 dBm has only a small effect

on the l-dB compression point , increas ing it to about +4 dBm .

The return loss of the LU and RF por ts and the LO-to-RF isolation

are shown in Figure 11-7. The minimum return loss at the RF port is 8 dB ,

correspond ing to a maximum VSWR of 2.3:1. The RF-port return loss over

most of the band is greater than 10 dB (VSWR = 1.9:1). The LO port re-

turn loss is greater than 10 dB over the entire band . Both the RF and

12
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LU ports are titted with coaxial connectors (Maury Microwave Corp. Type

~‘tPC2) suitable [or operation at millimeter wavelengths for the purposes

of testing (See Figure IL-I) . (ln a system integration , the coaxial

cables could mate directl y with a YIG-Luned fiLter and LU , eliminating

the connectors.) Assuming that the connector VSWR and the VSWR associated

with the coaxial-to-microstrip transition at the substrate are abou t equal ,

then the maximum measured VSWR of 2.3:1 corresponds to a maximum VSWR of

about 1.5:1 for both . Over most of the band , where the measured VSWR is

typ icall y less than 1.9:1 , the connector and the transition VSWRs are less

than 1.38:1. Therefo re , the typ ical input VSWR to the KIRM-2(2) mixer as

seen by a YIG-tuned filter and by a YIG-tuned LU would be on the order of

[.38:1.

The LO-to-RF isolation characteristic shown in Figure 11-7 indicates

the worst case isolation to be 12 dB at the low-frequency end of the band ,

wh ich is sl ightly better than the design goal. Th~ isolation is greater

than 14 dB over the remaining 907~ of the band and increases to values in

excess of 20 dR over a significant fraction of the band .

The re turn losses of both the image and real IF output ports are

identical and are shown in Figure 11-8. At the IF frequency of 168 MHz

the return loss is 20 dB , corresponding to a VSWR of about [.2:1.

D. Design and Performance of Component Parts

1. General

In order to achieve maximum performance from the image-reject

mixer , each component part was first tested separately. In this way, the

performance ot each component par t could be ind ividually op timized , be-

cause once the components were assembled into an image-reject mixer , there

would be no opportunity for individual testing and the effects of perfor-

mance deviations wou ld be masked by other components so that interpretation

[5
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KIRM-2( 2). Diode bias currents = 1.0 mA.

of test results would be extremely difficult. In this subsection , perti-

nent component parts of the image-reject mixer are discussed and individual

performance characteristics are presented. The components are treated in

order of descend ing complexi ty as follows :

• Balanced Mixer

• Diode selection and matching network

• 3-dB quadra ture hybr id

• Low-pass filter.

2. K-Band ([8.0 to 26.5 G11z). [‘tIC,

Single-Balanced Mixer

A single-balanced mixer was used in the image-reject mixer rather

than a double-balanced mixer because it has a lower noise figu re and lower

[6



\ S WI ~. in a d d i t i on , it is some~ hat less compLex. The single-balanced-

mix er portion of t h e  image -reject mixer indicated in Figure 11-3 was

tested by teeding RF and Li) signaLs into the two arms of the 3-dB quadra-

ture hybrid that are opposite the  two a rms  c o n n e c t i n g  to the mixer diodes.

This was accompli shed by constructing the single-balanced mixer on a square

substrate approximately one-half the length of the image-reject-mixe r sub-

strate so that the input arms to the 3-dB quadrature hybrid were accessible

at the substrate edges and could be connected to coaxial inpu t lines

through suitable transitions.

The double-sideband (DSB) noise-figure characteristic of tiic

si ng le-balanced mixer is shown in F i g u r e  11-9 , and corresponds to curves in

Figure II- .’+ for the image-reject mixer where LU power inputs are two times

as great as for the single-balanced mixer to account for the extra diodes.

For examp le , the O-dBm curve in Figure 11-9 corresponds to the -*- 3 dBm curve

in Fiugre 11-4. The minimum double-sideband noise figure is 7 dB at 0 dBm

LO power inpu t to the single-balanced mixer and occurs at a diode bias

Leve l slightly greater than I mA. For the same LU powe r input per diode

(+3 dBm total to the mixer) and the same bias level of I mA , the noise

figure of the image-reject mixer is 10 dB from Figure 11-4. The noise

figure of the image-reject mixer is the sing le-sideband noise figure be-

cause of the image-cancelLing properties of the image-reject circuit , and

should be 3 dR greater , theoretically, than the 7-dB double sideband

noise figure of Lhe single-balanced mixer.

Figure 11-10 shows the noise figure obtained as a function of LU

power inpu t with the diode bias currents adjusted for minimum noise figure

at each value of LO input power. By adjusting the bias currents as shown ,

the m ixer can be used over a w ide range of LO powers with very small varia-

tion in the noise-figure performance.

17
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The conversion-Loss characteristic is shown in Figure U-IL.

The cancers i o n -  Loss  is t y p i c a l l y  less  t h a n  8 dli over  mos t  01 the  band ,
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FIGURE tI-Il CONVERSION LOSS FOR THE K-BAND (18.0 to 26.5 GHzI, MIC,
BALANCED MIX ER . MODEL KDMIX-1 . Diode bias currents = 1.0 mA ,
LO input power 0 dBm.
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i n c r e a s i n g  to abou t 8. 4 dli at  26 GHz , and compares well with the noise-

f i gu re  d a ta  m e a s u r e d  wi th  an amp l i f i e r  w i t h  1.5 dB noise  f i g u r e .

T h e  r e t u r n - l o s s  c h a r a c t e r i s t i c s  fo r  th~ s i n g l e - b a l a n c e d  m i x e r  in

Figure 11-12 indicate a VSWR less than 2.0: 1 (10 dli return loss) over the

band for both the RF and LU ports with the exception of one point where

the LO port VSWR increases to a maximum of 2.3:1. The LU-to-RF isolatioci

for the sing le-balanced mixer varies between 5 and LU dB over the band .

3. Diode Selection and Matching Network

Hewlett Packard Schottky-barrier beam-lead diodes (HP 5082-2769)

were used in the K-band , image-reject mixer . They had the following

characteristics

Junction capacitance 0.08 pF

Series resistance 5 ohms

Junc tion resis tance (1 mW LO power) 230 ohms

Package capacitance 0.U2 pF

Lead inductance 0.1 nH

The cut-off frequency and self-resonance frequency for  these d iodes are

approximately 400 GHz and 50 GHz , respectively. The diodes were connected

electricall y in shunt by mounting them between the microstri p line and

a grounding post through the substrate to the ground plane . The post was

f abr i ca ted by ultrasonically drilling a 0.U40-inch-diameter hole in the

substrate and filling it with silver epoxy . A broadband RF match to the

diode impedance was designed by including the beam-lead parasitics as

part of a lumped-element matching network. Additiona l series inductance

was obtained by increasing the gap size where the beam-lead diodes were

mounted. Additiona l shunt capacitance was obtained by adding capacitive

islands to the microstrip line near the diode.

20
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The return Loss was more than 12.5 dB over the band , as shown

in Figure 11-13 , corresponding to a maximum VSWR of abou t 1.6:1. This

also includes the VSWR ut the connec..ors.

0 ~~~~~~~~~~~ - I ~~~~~~~~~~~~ _

5 —.---—-----------..--—-.-—----——---- ---— ----.----—------ —-------

~ 10

15 

i~~~~~~~~~~~~~~~~~~2O 2 1 fl 23~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~27

FRE QUENCY — GHz

SA -3414-11

FIGURE 11- 13 RETURN LOSS CHARACTERISTIC FOR BROADBAND MATCHING NETWORK
FOR K-BAND MIXER DIODE, HP 5082-2769

4. K-Band (18.0 to 26.5 GHz),

MIC I 3-dB Quadrature Hybrid

The 3-dB quadrature hybr id was real ized by connecting two

8.34-dB edge-coupled microstrip couplers in tandem . Crossovers were

placed at the center of each 8.34-dB coup ler in order to preserve the

overall symmetry of the 3-dB hybrid and assure that the quadrature phase

rela tionship between the outputs was maintained over the entire band .

Because the coupler is physica l l y very short , the crossovers represent a

significant portion of its length and have a significant elfect on the per-

formance by introducing discontinuities that increase the ripple response.

The effects of the crossovers and also of the discontinuities presented

22



o

2

3a
4

2
0 6
U)

U)z
a
I-

0 —

5

10
a

15
2
I-
-J

a ;

to
0
-J

15

I.-
U
a 20

25

18 19 20 21 22 23 24 25 26 27

FRE QUENCY — GHz

SA--3414-12

- FIGURE 11-14 PERFORMANCE CHARACTERISTICS FOR THE K-BAND (18.0 to 26.5 GHz),
MIC, 3-dB, QUADRATURE HYBRID

23



10 the coup ler at its ports during testing are evident in the performance

c h a r a c t e r i st i c s  of Fi g u r e  11-14 .  Over the 18.0-to-26.5-GHz band , the

coup li n g—chara cteristic im~~a l anc c is  ~4).7 dli maximum. The dissipation

lo ss through t h e cou p le r  is ab o u t  0 .8 dli  for eac poLh . t h i s  loss  also

inc ludes  losses introduced by connectors and transitions used to test the

hybr iu , and w o u l d  be somewhat  less  f o r  the h y b r i d  imbedded  in t h e  image-

reject-wixer L ircuitry.

5. Low-Pass Filter

The low-pass filter for the  e x t r a c t i o n  of the IF signal was

designed using a semilumped approximation . Hi gh-impedance lines were

used to realize series fnductors , and low-impedance line s to realize

shunt capacitors. A seven-pole filter was realized by fabricating the

capacitor sections on the substrate and bonding 0.001-inch-diameter gold

wire between the capacitor islands for the inductors. The iF frequency

of the mixer was 168 MHz and was determined by the IF hybr id , but the low-

pass filter was designed for IF frequencies up to X band . ~leasured per-

formance of the low-pass filter when terminated in 5U ohms gave a VSWR of

1.05 at 168 MHz and an insertion loss of 0.10 dB. The filter performance

over the frequency range from 3UU MHz to 18 GHz is shown in Figure 11-15

and illustrates the low-pass characteristic with a cutoff frequency of

about 11 GHz.

E. Conclusions

The utility and advantages of planar , MIC techniques app lied at milli-

meter wavelengths have been demonstrated successfu l ly by the K-band image-

rejec t-mixer development. The wideband performance obtained is comparable

to that of lower-frequency MIC mixers and derives directl y from the use

of planer techniques and beam-lead diodes with very high cutoff frequen-

d es. By use of the MIC medium , it was possible to avoid the restric tive
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bandwidth limitations associated with waveguide circuits and to open up

the millimeter-wave bands to wideband system realizations. In addition ,

fabrication of the entire RF portion of the image-reject mixer on a single

substrate substantiall y reduced internal impedance mismatches and resulted

in an inherent balance between components that were subjected to identical

processing steps. As a result , Low-noise performance and good image re-

jection and L0-to-RF isolation were obtained over the entire K band .

The successful application of the MIC technique at millimeter wave-

lengths requires that circuits be fabricated with mechanical precision

commensurate with the small wavelengths. Precision delineation of the

thin-film circuit patterns is greatly enhanced by the use of smooth sub-

strate material such as polished sapphire. The use of smooth substrate

materials and photolithographic techniques routine to semiconductor

integrated-circuit production provides adequate precision and repeatability

to assure high yield and low-cost production of relativel y complex MIC

circuits at millimeter wavelengths. It is clear that the techniques used

to produce the K-band image-reject mixer can be extended to 40 and possibly

60 GHz with minimum difficulty .
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III Ka-BAND (26.5 to 40 Gllz) PLANAR BALANCED ~11XER

A. Background

Waveguide single-ended and ba lanced mixers for millimeter-wave fre-

quencies have been available for many years. The instantaneous RF band-

wid th of these mixers was limited to between 107, and 207~. W ider bandwidths

in waveguide are difficult to achieve . Therefore , a new p lanar approach

was taken that circumvented most of the difficulties of a waveguide de-

sign and offered all other advantages of an integrated-circuit design ,

such as sma l l  size , low cost , high re l iabili ty ,  and reproducibility.

Two major obst acles that limit the bandwidth of waveguide mixers will

be touched upon briefly. For many years , chip diodes mounted in a so-

ca l led  Sharpless waveguide wa fer 1 were the onl y diodes suitable for

millimeter-wave frequencies. These diodes were limited in bandwidth

bec ause of the parasitic reactances of the chip itself and those of the

wafer mount. More recently, GaAs Schottky-barr ier di. os with very hi gh

cutoff frequencies (1OUO GHz and higher) and low junction capacitances

have become available. Even more important , GaAs diodes are now on the

market in the form of beam-lead devices , which make microwave integrated

circuits (MIC) at millimeter-wave frequencies practical. Because the

MIC transmission-line geometries such as microstrip or str ip line are

smaller than waveguide geometries , and the electromagnetic fields are

confined to sma l ler areas , in terconnections with smal l  semicond uctor

d iodes are po ssible wi th grea t ly reduced paras itic reactances.

For wideband app lica t ions , single-ended mixers are normally insuf-

fic ient because they lack local-oscillator (LO) noise suppression and

low spurious-response density. Therefore , balanced or double-balanced
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in i x c r s  h av e  to be U s’d . Hal anced m i Xe i’ s 1 0( 1 1  i re  c i  t l ie  r a ~)0 ()I~ 180

h y b r i d  to combine t h e  LO si gnal and RE si gnal . ba~~~gu i  do I t y b r i d s  ~e cc

r u le d  o u t  b ec a us e  of 1 i m i t t d  bandwidth ( s h o r t — s l o t  coupler , branch—line

coup l e r , or mag ic  ‘ l i t )  or because o f  U X C S S I V t ’  coup l i u ~ i m b a l a n c e s  ( m u l  t 1—

hole c o u p l e r ).  In  addit ion , all wavegu i d c  coup l e rs  ar e  q u f  I c  l a i g e  iii

5 1 Z i , anti t i~o sepai’a te  t r a i l s  i t  t O I l S  t o  a t ’i  r c u  i t mccl i urn  convenient to

noun t t h e  t ito c l i  o d e s  w o u l d  be r e q u i r e d . On t h e  o t h e r  hand , st i’i p l i nc  or

m i c r os t r i p  \ti(ie band q u a d r a t u r e  h y b r i d s  f rom 26.5 10 40 GHz are very  dif—

f i cu l  t t o  r ea l  i Z i ’ . The m i c r o s t  r i p  clesi  gn developed  f o r  t h e 18— to—26 . 5—G}iz

image—re ccl mixer probabl y represents the uppermost limit of that par-

ticular design . Branch—line couplers co~ eling the  comp l e te  K a — h a n d  a i~o

leasible , but th e ir performanc e is not very appeal ing . Most promising at

the time of this writing appears to be a h ybr i d branch—line coupler in

m icrostrip.~ T h i s  de s i g n  combines mic rostrip and slotl inc to achieve a

~ i c1eband quadrature hybrid with an easily achievable geometry. It is

also important to note the differences between a mixer using a 90
0 

hybrid

and one using a 180° hybrid. The 90 h y b r i d  generally has good LO and

RE port VSWRs , but suffers from a low LO—to—RF ’ isolation. Opposed to

that , a 180~ hybrid—coupled mixer has good LO—to—RF isolation but has

normally poorer LO and RE port VSWRs. If LO—to—RF isolation is an un —

por tan t factor , the 180 h ybrid is the proper choic e.

Because none of t h e  above—mentioned hybrids offered performances

satisfying all the requirements for a wideband Ka—band mixe r , a desi gn

based on f o r m ing a 1800 hybrid junction by joining two orthogonal trans-

mission lines itas selected. The basic principl e of this design is shown

in F i gure Ill—i. The RF input is a balanced—line system (e.g., waveguide ,

t w o — ~~iri line , or slot line). ‘rhe unbalanced input (e.g., coaxial line ,

str ip l ine , or coplanar waveguide) carries the LO si gnal . Two diodes

appear ing i n ser ies anti with equal polarity across the RE por t  and in

parallel wi th opposite polarity complete the hybrid junci ion . With the

28
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d iodes so connected , the IF si gnal appears on the u n b a l a n c e d  s id l e . There-

fo re , a d i p lexer consisting of a low—pass f i l t e r  (LP) anti a handpass filter

(BP) is necessary to separat e the IF anti LO si gnals. This hyb ri di junction

is essentiall y equivalen t to a waveguide T with the unbalanced andi t h e

balanced ports corresponding to the H and t he  E arms. The r e m a i n i n g  two

ports of the wavegu i de I correspond to t h e  p o r t s  t o  w h i c h  the  diodes  a re

connected . ltv nature of t h e  geometrical symmetry of the junction , this

h y b r i d  has pertect isolation be t ween  t h e  RE an(i the Lo ports. In practice ,

the isolation is limited onl y by geometrical asymmetries anti an i mbalance

of the diodes. The fo l lowing  sec t ion  presents details of the practic al

application of this mixer schematic to the Ka—band mixer .
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Be si  g i l  Con side ia t i o n s

The design of t h e  n o ve l  26 . 5 — t o — 4 0 — G H z  m i x e r  i s  host i l i u s t  r a t e d  l iv

means i I the pho t g r a p h s  of t i l e  a c t  ua I un i t as g i v e i l  i n  i’ i gui’ ’ I I I  —2 and

a r t  i en 1 ir  1 y i l l  i’ i g u r e  1 1 1 — 3 . An on t s i  de v i ew i s  show n il l  F’ i g u i.e I I I  —4

ille ’ c i r c u i t  i s  p r i n t e d  on t w o  0 . 0 1 0 — i n c h  q u a r t z  s u b s t r a t e s .  Q u a r t z  w a s

s e l e c t e d  I n ’c , i i i s i  ( i t  i t s  low loss  t a n g e t l t an t i  i t s  low d i e l e c t r i c  c o n s t a n t

(
~~r = 3. 78), w h i c h  means  a r e d u c t  i on  i n  loss compared  w i t h  h i g he r  d i i e l e c —

t r i c  ~u t i ~~t rates such as s a p p h i r e  . A 18O~ h y b r i d  lu n c t i o n  was se l e c t e d i ,

u s i  h g  a h a l  a l i t ’  i d  S i t)  I i i  ne 1 or  the  HF’ S L g i la  1 ant i  an u n b a l a n c e d  c o p l a n a r

wa~~e g u i d t ’  f o r  t h e  LO ant i  IF ’ s i gn a l s .  The j u n c t i o n  g e o m e t r y  i s  i d e a l  f o r

i n n  t i ii  ~ beam— i cad d i o d e s  . The HF i n p u t  01 t h e  m i x e r  i s  in  w a v e g u  i th ’

shown on t i n  r i g h t  s i de  in  F’ i g u r e  I I I  —3 . The subs  t r a t e  Si ts in  t h e  c e n t  ~‘r

of t h e  0 a v t. ’~ ’ a i d e , p e r p e n d i c u l a r  to the  broad w a l l  . A tapered  t r a n s  i t ion

p r i n t e d  on t h e  subs t r a t e  m a t c h e s  the  w a v e g u i d e  i n p u t  to  t h e  s l o t l i m m e ,

w h i c h  Ilas a characteristic impediance of 100 ohms . Onl y on the  w a v e gu i d i e

side , t h e  t ape r  i s  interrupted by a sing le s t e p ,  n o m i n a l l y ‘ : 1  away f rom

the edge of the substrate . This s tep  compensa tes  the  a b r u p t  d i s c o n t i n u i t y

caused by t h e  e m e r g e n c e  of the quartz substrate in the w a v e g ui d e . L i k e

all lila JOF components of t h e  m i x e r , t h e  tape r was evaluated i i i  i t  i a l  l y in

a mo(iel experiment at C—band. Design details and results of the component

development will be treateti separatel y i n  S e ct i o n  I l l — I ) .

*
The input line for the LO is a coaxial semirigid cable . This allow s

e a s y  interconnection w i t h  a V I G — t u n e d  oscillator , which is usuall y c o i l—

structed w ith coaxial transmission lines. Visible on the l e f t  s ide  of

Figure 111 — 3 is  the transition from the semirigid cable to a suspended sub-

stra te . ‘th e c e n te r  conductor 01’ this line is prillte(i on the quartz sub-

s t r a t e , w i t h  the  o u t e r  conduc tor  formed by a O . 0 8 0 — b y — 0 . 0 8 0 — i n c h  channe l

i n the h o u s i n g .  A t h r e e — s e c t i o n  bandpass f i l t e r  fo rmed  by h a l f — w a v e ,

The coaxia l  connec tor  used is the MPC2 , male , f r o m  M a u r y  M i c r o w a v e ,
Cucamonga , C a l i f o r n i a , w h i c h  p rov ide s mode-fi’ee operation up to 40 6Hz.
‘I’ ransit ions t rom MPC 2 to  w a v e g u i d e  are a v a i l a b l e  f r o m  M a ur  Microwave .
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FIGURE 111-4 I(a-BAND PLANAR BALANCED MIXER

paral lel—coup led resonators locatedf alternately on t h e  t o p  a n d  the bo t toni

side of t h e  suspended substrate passes the LO signal , lint s t o p s  the  IF

s i g n a l .  ‘l i i i ’  p aSS t ) an ( i  i n s e r t i o n  loss of t h i s  f i l t e r  is  less  t h a n  1 dB .

S t o p — b a nd in s e r t i o n  loss is b e t t e r  t h a n  21 dB a t  10 6Hz and 39 dB a t

2 6Hz . T h e  LO bandpass ft I t o  r i s  f o l  [owed by a sect i on of s t r a ight

50—ohm suspendieti substrate strip line and a taperet i section that is more

p re c is e l y r e f e r r e d  to as coplanar waveguide because the c h a n n e l  di i men s i on s

do n o t  change in the tapered sect ion . The t aper  m a  iot a  ins the  50—ohm

impedance 1 e v e !  . A pai r ( i f  m a t c h e d  d iode s is  m o u n t e d  a t  the  j un e  t ion of

t im e s lo t l  m e  and the  cop lana r  w a v e g u i d e .
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l x i  p a c t  t o n  o f ’  t ile I I ”  s i g n a l ( ) C C U i ’ S  liv means of a semilumped low —

pass 1’ i i  t e l ’  t h a t is  c o n s t r u e  ted i n  rn i ci~os trip. ‘lb i s f ii te l ’  has a nom i m i a  1

passband  f corn dc to 10 6Hz and  a s t o p — b a n d  a t  t e i m u a  t ion of more t h a n  3(1 dli

I rem 26 .5 t o  40 6Hz . S p e c i a l  cal- c has been g i von to the  common j u n c t i o n

of t h e  b a n c i p a s s  and  l o w — p a s s  f i l t e r .  The i-e s idual  r e ac t ance  of bo th

I i 1 h e r s  p i ( ’ s e m m  ted a t  t h e  common •j t ine  l i o n  was taken in to accoun t  in  t h e

d e s i g n  of each f i l t e r .

S e p a r a t e  b i a s i n g  of the  two diodes in this mixer was made possible

by t i c — i s o l a t i n g  t h e  l a rge , p r i n t e d  gold areas tha t fo rm the  ground con-

d u c t o r  f o r  the  cop lanar  wavegu i de and the  s l o tl i n e  taper . An HF’ shor t

to t h e  h o u s i n g  of these c o n d u c t o r s  is  a c co m p l i s h e d  w i t h  0. 0 0 0 5 — i n c h  m y l a r

i n s u l a t o r s  be tween  the  goldl metalli zation and the top cover of t h e  m i x e r .

The i n s u l a t e d  areas in the top cove r are a q u a r t e r  w a v e l e n g t h  w i d e  a t  m i d —

band .  Toge ther  w i t h  the cavities on both s ides  of t h e  w a v e g u i d e  c h a n n e l

(see Fi g u r e  1 1 1— 2 ) , an e f f e c t i v e  HF choke sys tem is f o r m e d .  Two 1000-p F’

c apac i t o r s  are  m o u n t e d  between the s u bs t r a t e  and g round  f o r  t h e  I F  g round

r e t u r n . The diodes  are c u r r e n t — b i a s e d  f r o m  a dc vo l tage  supp ly  t h r o u g h

r e s i s t o r s  of several  k i l o h m s . To allow different currents in the two

diodes , a 5.1-kilohm resistor is connected to ground on the IF output

side to provide a path for the difference in the two diode currents to

ground. This  r e s i s t o r  has a n e g l i g ib le  i n f l u e n c e  on the performance

of the mixer.

The most c r i t i c a l  e l e m e n ts  of the m i x e r  are t h e  d iodes . They dieter—

mine to a hi gh degree the RE b a n d w i d t h , the conversion loss , and the noise

figure that ale achievable w i t h  a given confi guration . For millimeter—

wave  a p p l i c a t i o n s , S c h o t t k y —b a rr i e r  diodes w i t h  an extremely hi gh cutoff

I r equency , 
~~~ 

low j u n c t i o n  capac i t ance , C , and low series inductance ,

* 
.1

L , are r e q u i r e d .  Beam—lead diodes in GaAs with C = 0.05 p F’ have been
S

used in the c u r r e n t  Ka—bant i  m i x e r . The low p a r a s i t i c  reactances  of the

*
AEI S e m i c o n d u c t o r s , L i n col n , E n g l a n d .
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diod i’s and t u e  particular lil ix e l ’ (iesigll t e c h n i q u e , w h i c h  pe i’imi i is moUlI t tug

of t h e  d i o de s  w m t h  m ’ s s t ’ h l  t, m a l l  v no at i t i  i t i m c m l  pal’as i t it ’ r e - a c  t a n ce s  because

mn a t c h e d l  t r a n s m is s i o n  l in e s  l ead  d i r e c t l y  up  to  t i m ’ d iode  j U l I C t l d ) I 1S ,

a b i, ’ a w i d eh a nd  m a t c h  ol t i l e  m i x e r  i i i m ~~tt’s a t  a l l  i )m)i ’ t 5 . A s m a l l  sa p p h i  ri .

c h i p  ,t t ’i ’ oss ~ i u t ’  slot [tile w a s  U 5 e ( I  as t h e  o n l y  t U l l i l ig e le ine i i t . I n  a

d u c t  toil Ull i t , i owevm’r , t h i s  c h i p  could he rep laced by a p i ’i f l t e t i  i l l t ’ i —

d i g  i t a l  c ap a c i  1ev . A good m a t c h  o f  t im e d i o de s  i s  in l p o r t a n  I , he cau s ’ t i n s —

m a t c h  losses  a t  t h e  I t t  an t i  IF’ p o r t  adci d i i ’ e c t lv  to t u e  noise I i~~ui’ ’ . 1’

c e ss i ve  m i  s n a t c h  a t  t h e  LO p o r t  i’e d u c m ’ s  the  pump power  su p p l  i t ’d  t o  t i le

d iodes  anti  has a t ie t  r i  m e n t a l  ef f e e t  on t i m e  n o i s e  i i gor e  ant i  t i m e  t i y n a m  ic

range of the  m i x e r .  1)et a i l s  al o u t  the diode selection and the  des i gn of

t h e  m a t c h i n g  network are presented in Section 111—1 ).

C . Measu re -t i  Performance

A f i n a l  v e r s i o n  of the  26 . 5—to~ ’1O—G 1Iz m i x e r  was s u b j e c t e d  to n u m e r o u s

t e s t s .  A summary of the test results is presented in ‘I’able 111—1 .

Some of the most impor tan t results al e shown in more detail in the

follow ing f i gures . Conversion—loss data arc presented in Fi gu re 111— 5

for +3 arid +6 dllm . Also shown are t he  n o i s e  figu res at 39 6Hz. .1

mechan ically tuned Gunn oscillator was used for t h e  noise— f i gure measure-

m e n t s .  The i n c r e a s i n g  d i f f e r e n c e  in  con v e r s i o n  loss above 36 6Hz between

the  two LO power levels shown is due to increasing loss i n  the LO p a t h ,

which leads to a less—than—sufficient LO dr ive level at the fixed bias

current of 1.5 mA . F’i gure 111— 6 shows the return loss for the HF anti LO

port. ‘the HF —port measurement is made at +0 dlim and 1.5—mA bias current

(no LO). It demons trates t h e  e x c e l l e n t match that was achieved ovel’ the

lull band (10—dB return loss corresponds to a VSWR of 2~ 1). On t he LO

side , t he  i’eturn loss is over most 01’ the band below’ 6 dli (3:1 VSWI1).

The- real par t of the LO impedance of one diode is approximatel y 60 ohms.

Two tl iodes appear in parallel at the LO por t , resulting in a 30—ohm
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I~t ii l m’ I l l — i

‘FF51 FI St I l’S OF’ 26 . 5— ’l’O— lO— bliz I tAL ,~~ ( ’l.I ) M i  \lit • 
MOl)Fl~ f ( l t M — 1

Pa came l .‘ r ‘l’es t Cond i t i  oils ~ a iLi

(‘on ye I’S ion  t o s s  P + 3 dEim 8 (111 1 yp m e a l
9 .3 dli max

LO 
+6 dlim 7.6 dIt t y p i c a l

8 , 2 dlf max

N o i s : ’  l i gu re 1.3 t1B 1 1 amplif id ’ I1i 1~~t I i g m i r m ’  ¶ 1 .1 (111
P +6 dEIm

LO
f 39 6Hz

HF
RE—port ~‘SWR ci .9:1

LO-port \‘SVdt

I F — p o r t  VSW R 0 . 1 t o 2 6H z ~~1 .33 :1

LO— to—RF isolation 25 dli t y p i c a l

�17 tiB

LO AM noise suppressiol 22 dli typical

Spur b us—response
Suppression:

Single tone 
~~39 dli

2 x 2 
~RF 20 dl3rn “GO dB

4 x ~ 
~‘6O dli3 x 4

Input l-dB compression -f = 36 GI-Iz -u dlim
po in t  RF

Input 3rd—order—

intermodulation = 36 GHz 17 dlim
RE

i n t e r c e p t  po in t

= +3 dlim and 1
B14 s = 1.5 mA , unless otherwise noted.
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t e r m i n a t i o n  f o r  the 1,0 t i ’ansmis siomi l i n e  o f  no m i n a l l y  50 ohms . ‘lb. Irm a —

sured VSWR is above the  1.67: 1 theoretical 1 eve 1 b e-cause  (ml the- match ing

ne twoi’k tha t is optimized Ioi ’ the  ill” s i d e  a n t i  n o t  l o i ’  t h u .’ LO s i t u , as

w e l l  as interac t ion w i  t i l  r e f l e c t  ion s of ( i ~e band pass f ilter ’ and the t r ans i -

t ions. A LO—por t  V SW It  of 3:1 i s  f u l l s ’  sa t  i s l a c t o n ’ y  f o r  l o w — n o i s e  o p e r a t i o n

of a balanced mixer at 2—mW incident power level. As Barber3 pointed ( t O t

a pump source that is et her significantl y hi gher or lower in i mpedance

than the diode impedance actually slightly improves the convers i on loss .

The separation of HF’ anti 1~0 Port would theoreticall y permi L independent

m a t c h i n g  of the  RE and LO port . Howe ve r , copla nar wavegu ide  impedances

below 50 ohms on a quartz substrate are impossible to obtain because the

gaps are too narrow .

The- inheren t f r e q uen c  
~~

— i n t l ep en  deli 1 (i ecoup l i r~g between the LO and HF’

port is evidenced by the good LO—to—RF isolation as shown in Fi gu re- 111—6 ,

and the good LO AM suppression . Actually , the- isolation pi’(’sented in

F i gure 1 11— 7 is not the optimum achievable. Mos t of t ile remaining im-

balance is cause d t)y the sapp h i r e  ch i p in the diotle area . I t is dif f icult

to moun t the chi p in a perfectly symmetr ical location . ‘~‘ ithout the chip,

the isolation can easil y be adjusted for better than 25 dli by regulatin g

the two diode curren ts.

Fi gure 111— 8 shows the noise -—figure tlepentience at 39 6Hz w ith LO

power and as a function of bias d’ul’ren t . These t e - st  d a t a  d e m o n s t r a t e

tha t under proper biasing contlition s, a flat noise fi gure can be main-

tained with nope than 10 dli of LO powe r variation . ‘l’his can be obtained

at a minor overall sacrifice - in noise figure . The hig h—IF frequency

response of the mixer is shown i l l  Figure 111—9. ,‘~1so plotted is the

attenuation slope- of the IF fil l e t’ , which indicates tha t the increase in

conversion loss with IF’ frequency is solely due to the IF’ filter. For

-
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FIGUR E 111-9 HIGH IF FREQUENCY RESPONSE OF Ka-BAND BALANCED
MIXER , MODEL RBM-2

the-se hi gh—IF ’ measurements , additiona l 100—pF capacitors had to be con—

nected parallel to the - 1000—pF bypass capacitors. The latter alone

restrict the IF response to 2 6Hz. ‘I’he I F  impedance was also measured

for different LO powe r levels anti bias currents . F rom 0.1 to 2.0 6Hz ,

the IF ~‘SWR stays typ ically below’ 1.3: 1 and tlocs not exceed 1.5:1 . Finally ,

suppression of inte rmotiulation products , single—tone as well as double—

tone , is at least comparable to tha t of lowe r—frequency mixers at similar

LO drive levels,

12



D. i)&’si gtl and Performance of Componen t Parts

In this section some of the- tie -tailed work that went into the design

of the Ka—band balanced mixer is exp lained more- carefully than ~,as pos-

s i b le  in Section 11 1— li . As already pointed out , most component parts

were initially built and testeti in scale motiels at a lowei’ f requency.

For these models we used 1/16—inch copper—clad ti ie lt ’c tric sheets wi th

€ = ‘1 (which is close- to the relative dielectric constant of t1uat’tz).
r

This dictate -ti a scale factor of 6.25 and scaled conveniently f rom Ka—band

(WR 28) to C—band (WR 187). Some experiments acre also conducted at

X—band with a scale factor of 3.125. Only after satisfactory performanc .’

had been obtaineti with the scale model was a circuit at the  ac t ual f re-

quency fabricate-ti . The onl y elemen t tha t is difficult to scale is the -

beam—lead  m i x e r  d iode , w h i c h  i s  a v a i l a b l e  in one size onl y .  The t h e o ret i -

cal b a s i s  f o r  s c a l i n g  of m i c r o w a v e  c i r c u i t s  can be f o u n d  i n Schne ider .4

1. LO-IF’ Diplexer

In it ially , we determined exp e ri m en t a  l i v  t h e  t i l u m e n s  i otis of a

50—ohm suspended substrate line and then designed (he LO-band pass filt e r.

This filter is a thi’ee—section half—wave parallel—coupleti line filter

with the resonators printeti alternatively on the- top and the bottom side

of the substrate . This desi gn provide s strong coupling between tile i’CS—

onators and relatively low capacitance to ground , a necessity for a witie—

band filter of this type . Initial values for the filter parameters

(Chebyshev with 0.1 dB ripple) We-i.e taken from existing design tables.

Howev er , because of the inhomogeneous dielectric of the coup led-line

sect ion s, the eve-mi- and odd—mode velocities are different . Therefore ,

the filter was analyzed and optimized using exact equivalent Circuits

for coupled—line sections in an inhomogeneous dielectric.
6 Because of

the large difference in the- mode velocities , the filter response deviates

43
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significantl y f rom t h a t  of a s i m il a r  fillet ’ in a homogeneous medium. The

I inal opt i m i z a  t ion of the f ii tel w as  done in the scale—model e x p e r i m e n t .

‘I’he I I ’  low—pass filter is of t h e  s e-n i l  timped type and b u i l t  i ll

m i c  n e s t  r i p .  ‘lb s t an d a i ’ tI  desi gn procedure as o u t l i n e d  in M a t  thae  i ,

an( i Jones  was used. The de s i gn is base-t i  on a S e - V e i l — S e e - t i  on Cheb y shev

~r 1’ o t o t y p e -  w i t h  0 .01 dli r i p p le . ‘l’he c u t o f f  f r e q u e n c y  is 10 6Hz and  in t h e

center of t h e  26 . 5 — t o — ’l O — G H z  banti  the  i n p u t  impedance  of the  l i t t e r  a t  the

common 1 one  t ion  of t i l t ’  di p lex e r  is a d j u s t e d  f o r  an open c i r c u i t . The

l a rg e  ~. ‘p a r a t i o m i  of  t h e  t w o  passbands  make-s  t h e -  i n t e r c o n n e c t i o n  of the

two I i i  t e - r s  e a sy .  N e v e r t h e l e s s , the  r e s i d u a l  r e a c t a n c e  of the bandpass

f i l m .  U was t a k e -n i  i n t o  accoun t in the  desi gn of the-  l o w — p a s s  f i l t e r  and

~ l i t ’  V t ’  isa

Alter the- successful comp letion of scale—model experiments ,

an actual—size dip le-xer was fabricated and t e s t e d . The m a j o r  r e s u l t s  of

these - tests are shown in Fi gure 111— 10. ‘l’he low—pass filt er response is

c lo se  to t h e o r e t i c a l .  The return loss is better tha t 20 dli (VSWR <1.2:1)

t i p  t o  7 6Hz , but stay s below 11 dli up to 10 GHz. The attenuation of the

low-pass filter above 10 GHz inc reases monotonica lly and reaches close to

50 dli at 18 6Hz. In tile 26.5—to—40—GHz range , the a t t e n u a t i o n  exceeded

the dynamic range of the measuring setup of 40 dli. The bandpass filter

exh ibits sufficient low—frequency attenuation to pre vent any IF’ loss at

the LO port up to the hi ghest IF frequency of 10 GHz. In  the passbaud ,

the return loss stays generally arounti 15 dB . This  includes not only

the reflections of the filter but also those of two suspended substrate—

to—coax transitions , two pairs of MPC2 connector assemblies , and two

MPC2—to—waveguide transitions. For comparison , a pa i l’ of MPC2 adapters

with a 6—inch—long MPC 2 cable assembly in between has a minimum return

loss of 14 dli. When the 6—inch semiri gid cable assembly is cut into two

p ieces  and a 1 —I n c h  sec t ion  of s u s pen t l e d — s u b s t r a t e  l i n e  w i t h  two t ransi-

t i ons f rom s e m i r i g id  cable to suspended subs t r a t e  is  i n s e r t e d , the t o t a l

4 1
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i c  t u r n  l o s s  ((t I’ i .  ‘a se-s to 11 dI t  m m i i  mum all d 17 dl ave  rage . lie -ni ce , the

c it e - c t of the band pass l i l t e r  i s  a sma l l  d . ’t e i ’ i o i ’ a t  lOll o t  2 tIll i n  the-

i’ . to rn loss over the n’ ‘to I ’ll loss of  t he- sin spen t  dod subs I rate ii i ’m ug h— I u i.’

a l o n e .  ‘t o t a l  in s e r t  i o n  loss 0! (Ii, ’ Ii ltei’ i n  t h e -  26 . 5 — t o — 4 0 — G l l z  b antl

i n c r e a s e s I rem 1.6 (ill to 2.5 tIlt ~thenI i’.’fe l’ emt( ’ .’(l to (lie 6 — i n c h  s e m i r i g id

cable  assemhl . ‘[he loss  of t he  suspended—substrate throug h — I  t I l e -  al 1)111 .’

is 0.8 to 1.3 dli . ‘!‘l i er , ’f oi ’ e , the ( t i t e r  it  s e - I l  adds  h ’ t w e e n m  0. 7 to 1.2

dli of loss to  t h e  LO p a t h .

2 . \ t a v e g u i d e — t o — S l o l  l i m o ’  ‘l’ i ’ a m i s i  t [ ( ( I l

For propel ’  m a t  d l  i i lg  t o  t h e  diodes a 100—ohm s l o t  l i ne  i m pedance-

i s  needet i  . ‘l’he d i m e n s i o ns  of t h i s  s l o t  1 inc  on q u a r t  z were  ex t r a p o l a t e d

I i’om d a t a  f o r  s u b s t r a t e s  w i t h  h i gher  d i e l e c t r i c  c o n s t a n t s  t h a n  q u a r t z  ant i

were verified experimentally (2 mil gap width on a l O — m i l  s u b s t r a t e ) .

The transition from wave-guide to slotline consists of a sing le step and

a tapered section as exp laineti in Section Ill— B . The total length of the-

transition is O. 7A in  air at the low el l( i  of the band , but because the

wavelength decreases towarti the slotline end of the taper , the actual

l e n g t h  is  more -  t h a n  X at 26.5 6Hz. The shape . of the tape r was tletermninec i

experimentall y by testing two scaled t ransitions connected back—to—back.

The mode l experiments resulted in a f i n a l  t r a n s i t i o n  w i t h  a VSW R below

1.5:1  m a x  f o r  t h e  pa i l’ or 1.22 :1  max f o r  one tran sition alone . Actual—

size measurements of the t r a n s i t i o n  we re made to a l i m i t e d  degree . A

sing le t ransition was terminat ed in a small 100—ohm chip resistor and a

return loss better than 13 dli was observed . ‘i’he parasitics of the chi p

resistor si gnificantly aifecteti this measure -me-nt, and it is conclude -ti

that the transition by itself must have a return loss of at least 15 dli

(VSWR <1.13 :1) . The losses of the- transition we - Ic estimatet i b~’ measuring

the return loss of a short—circuited t ransition . They ale less t h a n  0.3

dB.
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3. D i o d t ’ — \ l a l c l l i n g — N c t w o r k  I ) ( ’ s i g i m  an(l I I m ( ’ o l ’ ( ’ t  t ea l
Conve i’s i en Loss

Tii i s U i ) s e ( ’t  i o n  ex I ) i , m i n s  some t t f :  t l l ( ’  ( ‘U l i s i ( l C I ’ a (  i o n s  t h a t  we -nt

l n t ( t h e  d e s i g n  o f  the d i o d e — m a t c h i n g  n e t w o r k  and pi~esel1 t s a t h e - o r e t  i c a l

e s i j i m ma t  i on  f o r  t h e  conv ’rs ion l oss . The c o n v e r s i o n — l o ss  c’ a l c u l a l  ions

f o l l o w ’  c l o s e ly  t h e  work  by Bam ’be r The e q u i v a l en t  c i r c u  i t  of the  % E I

tiiode is shown in Figu re Ill—lI anti i t  in c lu d e s  t y p i ca l  e l e me n t  v a lu e s  for

t he c i r c u i t  p a r a m e t e r s  . ~\ l 1  e l e m e n t s  a re  cons i de -r e d  c o n s tan t  , except f o r

the j un c ’ t ion ri sistance R~ , w h i c h  v an ’i c s  p e r i o d i c a l  l v  w i t h  the -  W signal

L I L R

i ’ l l  I
_ _ T~ 

_
MATCHING NETWORK ‘ BEAM-LEAD DIODE

A EI DIODE C = 0,05 pF

A 5 - 4f1

C~1 0,01 pF

L5 0,1 oH

SA-3414- 17

FIGURE ill-li EQUIVALENT CIRCUIT OF BEAM-LEAD DIODE AND MATCHING NETWORK

To obtain a good match to t h e  RF port it is necessary to consider

the - ave-rag .’ value of Il at the  signal f r e q u e n cy . ‘ro minim i ic losses

in R , the m’eal part of the parall el connection of R , and C , h a s  to  Is’
S RF

maximized for the frequency of operation , which occurs at

H 
1

RF opt 
~~
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Ito i ng this at the upp e r bandedge-  of it ) 6hz , one ob t a i n s  H
HF opt = 80 ohms

fon’ the AE I (i l ode

.\ m a t c h i n g  n e t w o r k  c o n s i s t i n g  of a series inductance , L
p

a u g m e n t i n g  L , and a s h u n t  c ap a c i t a n c e , C , transforms the diotie network
P2

i n t o  a t h i r d — o r d e r  lowp ass  f i l t e r . A computer  o p t i m i z a t i o n  program was

used to dete rmine the- optimum values of L , C , and the -  impedance  of
p p2

t h e  i n p u t  l i ne- , Z .  For t he diode p a r a m e t e r ’s g iven above , the  o p t i m u m

matching—network parameters were f o u n d  to be L = 0.32 nH , C = 0.04 1 pF ,
p p2

and Z
0 

50 ohms , which resulted in a maximum theoretical ~TSWR of 1 .30:1

in the 26.5-to—40—GiIz band . Because two diodes appear in paralle l on

the RF side- the slotline impedance has to be 2Z or 100 ohms . The addi-

tional inductance L had to be determined experimentally by mounting the
P

diodes at various positions . Similarly , the size of the sapphire chip

that was used to realize C was determined empirically . Judged by the
p2

measured VSWR of less than 1 .9:1 at the HF port , the response of the

practical implementation of the matching network came close- to the

theoretically calculated value .

With H determined , the- characteristic conversion loss
RF opt

was calculated using Torrey and Whitme r ’s’7 results . However , instead of

operating with the peak LO voltage , the pulse duty ratio (PDR), as intro-

duced by Barber3 was used . Based on an incident Ut power of 2 mW , a

PDR = 0.25 was estimated . This results in a characteristic conversion

loss (that of art ideal diode without R ) of 4.6 dB. The- value of the
S

junction resistance , which is seen by the Ut signal , is then calculated to

be R /1.33 = 60 ohms and the IF impedance is 108 ohms . Because two
RF opt

d iodes appear in parallel on the Ut and IF side , the real part of the

LO impedance is 30 ohms and the IF impedance is a very convenient 54 ohms .

Both values agree closely with the measured VSWRs .
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In  add it ion to t h e  cim ar u cter i st it’ loss , f u r t h e r  losses  i re  i n —

cun’rcd due to H , m i smatt’hes on the HF’ and IF si u t  , and ci i’c m ii t l o s s ’s

The following table sumrmrm m ar i ‘es all of t i t ’ losses contributing to the tot at

theoret jcal c’OflI’.’n’sjon loss:

Ch ;mn ’ae’t c ’ri stjt’ loss ‘1 .6 dli
[~~ss due to H5 0.6 dB
M i s m a t c h  losses 0.1 dB
C i r c u i t losses 0. 8 dli

Total theoretical 6.1 dli
conversion loss

M i s m a t c h  losses are c a l c u l a t e- c l  based on the  e q u i v a l e n t  c i r c u i t  . The

c i r c u i t  losses arc  those measured on the- component parts . The discrepancy

of I to 2 dli between the total theoretical conversion loss and the measured

conversion loss (Figure 111—5) can be attributed to fou r factors . Fir st ,

in estimating the PDR , the effect of H , which increases the PDR , and
5

therefore also the conversion loss was neglected . Second , the actual

mismatch losses are highe r , Up to 0.5 dli. Third , the circuit losses of

the matching network are not included , b u t  are estimated to he significant .

In some case-s the c o n v e r s i o n  loss  was f o u n d  t o  i nc rease  by as m u c h  as

0.5 dfl as soon as the sapph i re ch ip  was bonded to the  c i r c u i t . Fi n a l l y ,

t h e  t e r m i n a t i o n  of the sum f r e q u e n cy , f + f , is not lossless , anti
LO HF

e n e rg y  conve r t ed  to this f r e q u e n c y  is l o s t  f o r  c o n v e r s i o n  to  t h e  d e s i r e d

IF f requency . Th e best  spo t c o n v e r s i o n  loss was 6 . 7 dli , o b t a i ned i n a

second m i x e r  u n i t ;  how e-y e-I ’, t h e  ove r a l l  response of t h i s  mixe r was not

as good as that reported in Section Il l—C .

E .  C o n c l u s i o n s

I t h a s  been d e m o n s t r a t e d  t h a t  p l a n a r  t e c h n i q u e s  and GaAs beam- lead

Schottky— b arrier diodes with very high cutoff frettuencles make
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fui l l— w ,ic’ .’~~uii de— b ,ind b:iLi mu ’ ’d mim i xi ’m’ s pess i b l i ’  . ‘I ’ l l . ’  p l a n a r  I ‘e tm m iiqti. ’ is

not unIv ad ~‘ant m c c i i i  I t ’om a i rociue t j on m d  S i  / 1 ’  ~ ( )  i f l  I e I v i . ’w  ; i t  i s

css, ’ n l t i a l  l o t ’  the W j t h ’ — t ) ~l l l ( i w i ( I t il e : ip a h i  i i  I v  o f  t h i s  nix .’,’ , ~t’v .’ral t e c h —

o i p t . ’s  t h a t  have ls ’ .’m i .‘xplei ’.’d p l ’ ’c’ i on ’— l v  htm l i t  mu n ch  l owe r I r e - q m l e n c i e s

ha~ e ~ t’0Vt’It it . ) !S~ f mnl l v  i s a  t i l t ’  at m i l l  I i m ’ t e l ’ —wav e f r . ’ qm o ’ n c i e s  . ,‘lrnomlg

I h i ’s . ’  is  the i ts ’ o f  a t ot) l ana  n’— w a v i ’g u  j t i e  S lot  1 tn t ’  h v b r  id june t ion , t h e

d e s i g n  of d i o d e — m a t c h i n g  n e t w o n ’k s  by c o m n p u l . ’ r  o p t i m iz a t  i o n , and the siu’ —

ee ss f ul  i m p l e m e n t a t i o n  of the - matching nctwo n’k . Conversion loss and

noise figu re of the - mix er a l e not as good as those usuall y obtained in

wave-guide mixers . h owe -v . ’  m’ , t h e  pe r f o r m a n c e  is  ext ’e 1 l en t  i f  compare -c l  w i t h

si m i l a r  MI C ha l  anc’e(i mi x’rs at lower  I’ reque-ncies . The- i n h e r e n t  i s o l a t i o n

be t ween the LO and HF port is reflected in the good isolation h e t w e ’ n  the

Ut and HF port t h a t  w a s  m e a s u r e - c l  in  t h e  a c t u a l  m i x e r . F u r t h e r  work i s

r e qut  red to  reduce the  losses  in the LU path , part i cii l a r l y  a t  t h e  h i g h

end of t h e  han d . R e - d u e  ing  t o ’  l o s  si’S should make ope r a t  ion of the mixe r

with 1—m W i n c i d e n t  powe r w i t h  a 1ev, n o i se  f i g u re- f e a s i b l e . In  t h e  present

unit , insufficient pump power in t a t uppe r half of the HF band inc reases

the conversion loss to 10.2 dli at 10 61hz (1 ritA b i a s  current). In a d d i t i o n ,

a replacement for the sapph ii’ .’ ch ip used to match the d iodes is desirable - ,

poss ib ly  in the - form of an interdigital capacitor.

Extension of the design concept of tile - Ka—band mixe r to h i gher  !i ~c~~

q uen c i e s  a p p e a rs  feasible . With fbi ’ existing AEL Schottk v—bar rier diodes ,

coverage of the full 40—to— 60—GHz hanti is possible . However , becau se of

the lowe r impedance levels required for the HF slotline as well as f o r

the Ut coplanar wavegu itic , a higher diele c ’tric substrate - such as sapph i re

is recommended . Modifi ed designs WIth wave -guide inpilts f o r  t h e  HF and t h e

Ut signal are possible without chang ing the basic concept of t h e  m i x e r .

F’inaIly, it appears possible- to use t.he design In an extension to an inmage—

enhanced and image-reject mixe r .
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Appendix A

OPERATING INSTRUCTIONS FOR THE K-BAND, MIC,
IMAGE-REJECT MIXER, MODEL KIRN-2(2)
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Appendix A

OPERATING INSTRUCTIONS FOR THE K-BAND, MIC ,

IMAGE-REJECT MIXER , MO1)EL KIRM~2(2)

1. Description

a . General

The K-band (18.0- to 26.5-GHz) MIC, Image-Reject Mixer utilize -s

the latest microwave integrated circuit techniques to realize for the

first time a broadband , image-reject mixer covering the entire K band .

The mixer design is such that conversion loss is degraded only slightly

(<I dB) for LO power variations of 10 dB. Specifications are shown in

Table A-I. Figure A-i is a photograph of the comp leted m ixer, and Fig-

ure A-2 shows the assembled layout.

Table A-i

SPECIFICATIONS OF K-BAND
IMAGE-REJECT MIXER

Specifica tions
RF frequency range : 1 8 . 0 - 2 6 . 5  GHz
LU power range : 3-10 dBm
IF frequency: 168 MHz
IF bandwidth: 110 MHz

Connector type
RF por t MPC 2 (male)
LO port MPC 2 (male)
IF ports SMA (female)

Power-supp ly requirements
Normal operat ion :

+15 ± 57~ volts at 2 mA
-15 ± 5~, vol ts at 2 mA

Absolute maximum :
25 volts
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SA 3 4 1 4 1 7

FIGURE A-I K-BAND (18,0 to 26,5 GHz) , MIC , IMAGE-REJECT M I X E R , MODEL KIRM-2(2)
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b . Connectors

RF and LO Connectors--The RF and LU inputs are designed for

connecting directly to 0.085-inch semirigid coaxial cable so that the

mixer can be easily integrated wi th a TIC filter and a YIG-tuned loca l

oscillator. For testing purposes , the coaxial cables have been fitted

w i t h  Type ~~C2 male connectors (Maury Microwave Corporation) and mate

wi th the wave-guide to female MPC2 coax adapter Model No. SK8O12A from

Maury Microwave Corporation.

IF Connectors--The real- and image-port connectors are female

SMA t ype .

c. Mounting

The mixer may be mounted in any position by means of 4-40

screws through the four mounting holes in each corner of the image--

reject-mixer box,

2. Environmen tal Limits

The foll owing limits should not be exceeded :

• Maximum storage temperature 80°C

• Minimum storage temperature -20°C

3. Power-Supply Requirements

For optimized performance, each of the four mixer diodes requires

approxima tely 1 mA forward bias . Bias currents must be supp lied from

two external 15-Vdc power supp lies. One power supply supplies bias cur-

rent to the two mixer diodes with grounded cathodes through the feed-

through labeled ‘15 V (FL3 on connector layout shown in Figure A-2).
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The negative termina l of this supply is connected to the frame ground of

the mixer assembly.

‘l’he second suppl y supplies bias currents to the two mixer diode-s

with grounded anode-s through the feedthrough labeled -15 V (FL4). The-

positive termina l of this supp ly is connected to frame ground .

Approximate ly 2 mA will be drawn from each supp ly when adjus ted to

15 V.

4. Operation

Before placing the K-band image-reject mixer into operation, review

the general precautions noted in Section 5 of this appendix. Th’~n pro-

ceed wi th the following steps :

(1) Connect power supp lies.

(2) Measure currents from each power suppl y while increas-
ing voltages from zero to 15 volts . Currents should
increase with voltage to a value of approximate ly 2 mA
for each supply.

(3) Measure each diode voltage while full bias current is
app lied. The diode bias voltages are brought out
through feedthroughs labeled FL1, FL2, FL5, and FL6 .
Using a meter wi th at least I megohm input impedance,
the diode vol tages should measure as follows :

Feed through Voltage to
Number Frame Ground

FLI -0.o to -0.7 V
FL2 ÷0.6 to +0.7 V
FL5 +0.6 to +0.7 V
FL6 -0.6 to -0.7 V

(4) Connect local-oscillator sources of 0 to 6 dBm
power output to the coaxial connector (MPC2)
labeled P1. The LO input is on the same side of
the mixer assemb ly as the feedthrough terminals and

IF output connectors .

59



(5’) (onnect RF si gnal source- to coaxial connector (~‘WC2)
lahe led P2—-opposite LU input. The di ffc ri’nce he -

tween the LU and Ri” frequencies must be 1h8 MHz.

(6) Connect 168—M1I’i~ amp lifiers wi th 50-ohm i n p u t  imped-
ance or 50-olint loads as appropriate to iF output
Ports Jl and J2 (Figure 2). l’hc real and image
signals will appear at Ports Ji and J2 as follows :

- i l J2 
—

‘LU 
1
RF 

Real si~~iia1 Image- signa l

~RF 
1’
LU 

Image signal Real signal

5. Precautions

The procedures  d i s c u s s e d  in  the following should be- noted and ap-

plied du~~ ng handling, installation , and operation of the K-band image--

reject mixer:

(1) Mixer diodes may he dama ged by static discharges. While
each mixer diode in the image-reject mixe r is buffered
by resistors and heavily bypassed , all leads should be
grounded to the mixer case before connecting to the fe-ed-
through terminals. Soldering-iron power cords should be
disconnected from the power source and connected to the
mixer case inunediatel y prior to and during soldering to
feedthrough terminals. All coax cables should be dis-
charged by connecting the shield and center conductors
simultaneousl y to the- mixe r case prior to connection to
the mixer ports .

(2) It is recommended that the- feedthrough terminals be
conne cted by flexible wires to a solidly mounted terminal
strip if frequent connection changes are contemplated.
Connections can then be made- at the terminal strip. Be-

cause the fcedthroughs are necessarily small , they should
be protected from mechanical strain or repeated flexing
to prevent breaking the small center conductor .
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(3) The- L() input port (i’l) and the RI” input port (P2) of the
i m a ge - r e j e c t  mixer  ar e  fitted with ~‘U’C2 connectors. These
connectors do not mate properly with SMA type connectors
a l t h o u g h  the n u t s  are the same . A t t e m p t s  to fo rce  a mate
could result in damage to the connectors . [he ~‘TC2 con-
nector is of niuch higher precision t ian the SMA type con-
nector and is necessary at K and Ka bands in eider to
achieve good performance.

(4) The RF and LU inputs to the- K-hand mixe r are in 0.085-inch
coaxial cable- for easy integration with YIG-tuned ele-
ments. Care should he exercised when connecting the HF
and LU inputs to signal sources so that the cables are
not bent or placed in torsional strain. Any bends, small
kinks, or twists can have degrading effects on the mixe r
performance .

(5) The mixe r has four adjustable pots under the bottom cove r
for adjusting the- individua l diode currents for optimum
performance . These pots have been set and cemented in
the optimum position for each diode. It is recommended
tha t these pots not be adjusted in the field because
proper settings can be- obtained only through a specific
test procedure requiring specialized test equipment.

61



Appendix B

F I N A L TECHNICAL PERFORMANCE MI-:ASUHLMFN’I’ COMPAR ’ SON

FOR TIlE K—RANt ) , MAC , IMAGE— REJEC T MIXER , \IOt) EI~ KIRM— 2 (2)
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A ppendix B

F I N ~\I TEC1IN It Al, PERF’OItMAN (’F MFASJ’LF:MEN’I’ COMPAR J SON
FOR THE K— }IAND , MU , IM.\GE— }tF.5 EC’1’ MI NI’I( , MOI)EL KIRM—2 (2)

I . tnt r o d u c ti on

Performance goals f~~r the K—band , MIt , image—reject mixer are as

follows :

• Input LO power level 0 dllm minimum
+6 dBm maximum

• LU-port ~‘S\V R 3.0:1 maximum
2.5:1 typical

• HF—port VSWR 3.0:1 maximum
2.5:1 typical

• I F—port VSWR 2 (1:1 maximum
2.5:1 typical

• Conversion loss , RF to IF at f~~, 9.5 dB max imum
168 MHz (IF bandwidth 110 MHz) 8.5 dB typical

• Noise figure (using 1.5 dB noise figure , 11 .0 dB maximum
IF amplifier at 168 MHz , IF bandwidth is 10.0 d13 typical
110 MHz)

• LU-to-HF isolation 11 .0 dB maximum
13.0 dB typical

• 2 X 2 balance 35 .0 dB minimum
40.0 dB typical

• Image rejection 15 .0 dB minimum
20.0 typical

because some of the performance goals are in terms of maximum va l ues

(conversion loss , for example) and others are in terms of minimum values

*From SRI Proposal ERU 73-210, Section IV—D .
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(image rejection , for example), the f o l l o w i n g  convent ion  is e s t ab l i shed

with regard to the list ed “demonstrated vari 111e ’:

( I )  Fur per form an ce  goals  w i t h  a m a x i m u m  upper hound

(a) A positive (+) demoost  rated variance indicates
a denon’-trat ed value greater than the maximum

per lormance goal . The demun st  rated l)e r forman ce
does not rae-ct the anticipated goal

(b)  A nega t ive-  (-)  d e m o n s t r a t e d  v a r i a n c e  i n d i c a t e s
a demonstrated value less than the maximum
performance goal . The demonstrated performance

meets the antici pated goal .

(2 )  For performance goals with a minimum lower bound .

(a) A positive (+) demonstrated variance indicates
a demons t ra ted  va lue  greater than the minimum
performance goal. The demonstrated performance
meets the antici pate-cl goal .

(b) 3. negative (—) demonstrated variance indicates
a demonstrated value- less than the minimum
performance goal . The demonstrated performance
does not meet the antici pated goal .

The convention is summarized in the following tabulation :

Planned Demonstra ted Demonstra ted  Performance

- 
Value Var i ance  R e l a t i v e  to Goal

Max + Does not meet anticipated goal
- Does mee t anticipated goal

Mm + Does meet anticipated goal
- Does not meet anticipated goal

2. Technical Performance Measurement Comparison

The final measured performance of the K-band , MIC , image- re j ec t

mixer SNR KIRM-2(2)J is compared to the design goals on the following

log sheets . Data are included for three local-oscillator drive levels:

0, +3 , and +6 dBm . All data at 0-dBm LO drive are presented first ,

followed successively by data at +3 dBm and +6 dBm LU drive levels .
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TECHNICAL P FC~~ kNCE P~AStJhE~~ NT C0M~ARIS0N

K—Band, MIC, Image Reject Mixer

(Fir.al Product)

Date:________

LO Power 0 
— 

dBm.

Planne d Freque ncy Demonstrated Demonstrated
Parareter Value 0Hz. Value Variance

tO Port VSWR 3.0:1 Max,

i~.o (.? S — t i S
19.0 ~‘19

20.0 ~~~~
21,0 

~( . ~
O’J

22.0 ~.Ic~O

23.0 \,30 — ‘L ID

‘L 3 o

2~ .0 ~.22
26.0 — t.15

26. ~ .SQ _~~ .5 O

~~~
Approved by: ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

t~?ft

(— )  variance inc .catea demo: rtrated value msets the antic~ ated goal,
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TECHNICAL PFRFOTtMANCE !€ASUHE MENT COMP ARISON

K—Band, MIC , Image Reject Mixer

(Fir.a]. Pr .duct )

Date: F~/77J74-

LO Paver — 0 dBn .

Planned Frequeaey Demonstrated Demonstrated
Parameter Value 0Hz. Value Variance

RF P.rt VSWR 3.0:1 Max.

18.0 t . ’3° Hio

19.0 I.3o

20.0 ~~~
21.0 ~~~~~
22 .0

23.0 2.~~3 -~~~~~~°
‘

~

214.0 (.20
2S.0 1~’18 — 1.2~2

26.0 (oS

26.~ \ .9 5 ~~‘1.05

Approved by :  ~~~~~~ 
1~~

(— ) variance in~ eatea demon trated value j eta the antic: -ated goal,
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TECHNICAL PERFOH EA NCE t~~~ :- ME N’r CON ’APISON

K—Band, MIC , Image Reject Mixer

(Fir,al Product)

Da te: i)I~ / 15

LO Power — C 
— 

di3rv .

Planned Frequency Demonstrated Er n re: trat~ d
Parameter Value MH z . Value V~~r i onee

IF Port VSWR 2S:l Max .

112 \AZ
1140 ‘L33
168 (.22 —

196 1.2 1
22 14 ( .V ~ —1 .31

A4J ~~~~~~~~~~~~~~~~~~~~Appruved by -

( — )  variance in’ catee deriron trated value eete the antic ated eoal,
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TECHHICAL PERFORMA NCE MPAsuREt€l~r COMPARIS ON

a—Band, 1110, Image Reject Mixer

(Final Preduct)

Date : I-~ r15

LO Paver • 0 dBm,

Planned Frequency Demonstrated Demonstrated
Parameter Value 0Hz. Value Variance

dB. dB, - dB.

Conversion Lose 9,~ dB.Max.
18.0

19.0 8.1

20.0 8.~
21.0 8.~
22.0 8.~,
23.0 6-c
214,0 ~~,,.C -

2S.0 ~.s
26.0 9-5 0

26.~ to.S

Noise Figure 11.0 dB, 2~ ,0 lb.3 -

Max.

Approved by:

( i )  var iance thd cates demoni rat ed value m ta tPe anticit, ted goal,
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TE CUN ICAL PFRFOR !IANCE ?‘~ AS!JEE~~ NT COMPA R ISON

K—Band, MIC, Image Reject Mixer

(Fir.a]. Prod uct)

Date:________

tO Power - C) dBm.

Planned Frequency Demonstrated Demonstrated
Parameter Value 0Hz . Value Variance

dB. dB. dB.

to t. RF 11.0 dB.
Icolation Max.,

18,0 ( b a
19.0 I ID. 5 - .55

20.0 (I~.5

21.0

22.0 ~B.s —~~~5

23.0 2~~.o

214.0 2 B.°

25,0 \c3 .O -8.o

26.0 ~4.o

26 ,5 ~4 .5

A A . t ~~~~~~~Approved by: 
~
_/_

~~~ 
rb’.—’

(..) variance m d cates demon trated value a eta the antici ated pool,
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TECHNICAL PERFOR MANCE MEASURE1€W1’ COMPA R ISON

K—Band , MIC, Image Reject Mixer

(Final Preduct)

Date :
_________

to Power • C dBm.

Planned Frequency Demonstrated Demonstrated
Parameter Value 0Hz. Value Variance

dB. dB. dB.

2 x 2  35,0 dB.
Spurious Mm ,

18.0 42

19.0 45 4 - t O
20.0 55 i-Zo
21.0 52. .jfl

22.0 44
23.0 44
214.0 A ( o  3 .11

25.0 41 4 )2_

26.0 S~2
26.5 50 4 15

Approved by: ~~~~~

(.) varisr ~ e m d  atea demons rated value ~ ta the anticip ted goal,
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TECHNICAL PERFORMANCE MPASU EMENT COMPARISON

K—Band, MIC, Image Reject Mixer

(Fir.al Product)

Date: 1— ( ~~~l5

LO Power 
___________ 

dBm.

Planned Frequency Demonstrated Demonstrated
Parameter Value 0Hz. Value Variance

dB. dB, dB.

Image Rejection 15.0 dB.
Mlii,

1.8.0 22

19.0 4-0 -+2 5

20.0

21.0 22

22.0

23.0 20

214.0 z2

25.0 20 k5 -

26.0 ‘22 k~~I

26.5 2 0

Approved b:

(+)  variance m d i  atea demons rated value me ts the anticin ted pool.

73



TECHNICAL PERFOR MANCE 1€ASU1~EMENT COMPARISON

K—Band , MIC, Image Reject Mixer

(Final. Product)

~~~~ -2(i) Date : ~2friJ14-

to Power _________ dBm~

Planned Frequency Demonstrated Demonstrated
Parameter Value 3Hz. Value Variance

tO Port VSWR 3.Osl Max, 
-

18.0 (.~~o

19.0 l .~~5 — 1 . 15

20.0 t . i~8 — 1. 32
21.0

22.0 1.58 — 1.42
23.0 ( .~~8 —t .L 2 . .
214.0 ( . 15

25.0 ( .25
26.0 ~.t5
26.5 1.5 0

Approved by: ~~~~~ _ ‘
~
‘

m d i  ates demons sated value me ts the ant icipa ed goal,
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TECHNICAL PERFOR MA NCE MEASURE 1€NT COMPARIS ON

I—Band , MIC , Image Reject Mixer

(Final Product)

Date:________

U) Power - +3 dOn.

Planned Frequency Demonstrated Demonstrated
Parameter Value 3Hz . Value Variance

RF Port VSWR 3.0:1 Max.

18.0 1.30 —

19.0 1 .2-2 — 1 . ’18

20.0 1.1Z — I .2.~
21.0 2.10

22.0 —

23.0 2.~~2

214,0 1.25 — 1.15
25.0 l .~J2 —

26.0 
~~~~~

26 .5 ~~~~~~ —

Approved by.

( — )  varianc e thd rates demons rated value me ta t?~ ~nticip ted poal,
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TECHNICAL PERFORMANCE t~~ASTJ}~~?€NT COMPARISON

K—Band, 1110, Image Reject Mixer

(Final Product)

Date:________

U) Power - 
- dBm.

Planned Frequency Demonstrated Demonstrated
Para meter Valu e MH z . Value Variance

IF Pert VSWR 2,5:1 Max.

1.12 1.50

t.3~
168 \ .z’1
196 .25 — 1.2 5
2214 \ .22. —

‘j ~1~-J
Approved b~ :

( — )  variance in icatea demoi strated value eets the antic no ted goal.
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TECH N ICAL F~ Rvoru1ANcE ~~ASW~~MPNT COMPARISON

K—Band, MIC, Image Reject  Mixer

(Final Product)

Date:__________

U) Power — ±3 dOn.

Planned Frequency Demonstrated Demonstrated
Parameter Value 0Hz. ‘ Value Variance

dB. dB, dB.

Co nversion Loss 9.~ dB ,
Ma x.

18.0

19.0 7.
~~ 

_ I.nl

20.0 7..~
21.0 ~~~~ 

— 1 . 1

22 .0 ~~.1

23.0 ‘7, (.. 1.9

214,0 -2.0

25.0

26.0 _ 0.nl

26.5 c3.5 0

c~~~~~~ 

~ ~~~~~~~ 
-

~~~~~

Approved by

(
~~

) variance thd: ates demons rated value in ts the anticic ted goal,
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TECHN ICAL PERFORMA NCE t€ASUREMENT COMPARISON

K—Band, MIC, Image Reject Mixer -

(Final Product)

Date: 1~~~~l~~~7
,

~~~14~~

U) Power - +3 dBm s

Planned Frequency Denonstrated Demonstrated
Parameter Value 0Hz. Value Variance

is . dB. dB,

LO to RF 11.0 dB.
Isolaticn Max.

18.0 t2- .5

19.0 ~‘3.0 —2 .o
20.0 14-.0

21.0 ~~~
- 22.0 r7.o —~~.b

23.0 ?~x~ —

214.0

25.0 ~~~0

26.0 14..b
26.5 ~4-.o

~~~~~~~
]
~~~~~Th

Approved by:

(— )  varia nce m d i  atea demons rated value in ,ts the anticit ted goal.
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TECHNICAL PERFORMANCE ?€ASIJREMPNT COMPARISON

K—Band , MIC , Image Reject Mixer

(Final Product)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _- ~~~~~~~~~ 
Date:

LO Power - +3 dBm.
Planned Frequency Demonstrated Demonstrated

Parameter Value 0Hz, Value Variance
dB. dB. dE.

2 x 2 Spurious 35.0 dB.
Mm ,

18,0 4-2
19.0 4-5
20,0 5(.) 

-j ~5
21.0 54-
22.0 44-

23.0 4- 4 ± 9
214.0 4-~
25.0

26.0 ~- E

- 26 .5 41o

~~~~

Appi’oved by

(.) variance m d i  ates demor.s ‘ated value me ts the anticir.- ted goal.

79



TECHNICAL PERFORMANCE MEASTJREI€NT COMPARISON

K—Band, MIC, Image Reject Mixer

(Final Product)

Date:_______

U) Power - + ~~n.

Planned Frequency Demonstrated Demonstrated
Parameter Value 0Hz. Value Variance

dB, dB, dB.

Ima ge Rejecti~~ 15 dB. Mm

18,0 22 .kl

19.0 3(7 -1-21

20.0 32  4

21.0 25 .4- tO

- 22.0

23.0 18
2Li.O 22.

25.0 24-

26.0

26.5 2~4

Approved by ~~~~~~~~

(+ )  var iance ~~di etee demons atad value me te the anticip ted ~oa1,
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TECHNICAL PERFORMANCE MEASUREMENT COMPARISON

K—Band, MIC, Image Reject Mixer

(Final Product)

Da te:________

U) Power — ~~~~~ dBm.

Pla nned Frequemcy Demonstrated Demonstrated
Parameter Value 0Hz. Value Variance

U) Port VSWR 1.0:1 Max.

18.0 / .3~~

19.0 ~~~~ — 1.o~
20.0 / . 7g —~ .22.

21.0 /•7
~.?

22.0 ‘ -5-4-

23.0 / .3~~ — l . (~.2.
214.0

25.0 / . 3Z

26.0 — t . ’7L

26.5

~~~~~~~~~~~ ~~~~~~ ~~~~~~~~

M~~~ ~~~~~~~~~~~~~~~~
A pp roved b y :  —

(—) variance m d  cates demon trated value in ets the antici ated goa 1~~
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TECHNICAL ERFQRMPLN CE ?€AS tJ RE?€ NT COMPA R ISON

K—Band , MIC, Image Reject Mixer

(Fina l Product)

Date:
________

U) Power - ~
- O dBm.

Planned Frequemey Demonstrated Demonstrated
Parameter Value Oils . Value Varianc e

RF Port VSWR 3.0:1 Max.

18,0 1.29 — 1 .’~il

19.0 / . ‘~-~~~

20.0 1.8 7

21.0 2 . 3 ? .

22.0 /.4~

23.0 2 . 4 0

214.0 ‘.i’~

25.0 1.87 — 1 . 1 3

26.0 i. 54-

26 .5 I-’, ?

- 

. 

~~g•
A ..~~~Q. ,—~~~Approved by :

(— )  variance m d  atea demon s -rated perfcr si nce meets the t icinated ~o.
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TECHNICAL PERFORNANCE ?€ASUREMENT COMPARISON

K—Band, MIC , Image Reject Mixer 
-

(Final Pr.duct)

Date: ‘// 5b5

U) Power - 
__________ 

dBm,

Planned Frequeacy Demonstrated Demonstrated
Parameter Value l4iz. Value Variance

IF Port VSWR 2.5:1 Max,

112 ( . ( ~3 — O .~1
lljO t .38
168 

- 1.35 —

196 (~3I — I .V1

2214 i.29 —~~~L\

Approved ~ ‘: ~.._4’1’ ~~~~~~~~~~~~~~~~~~~~~~~

( — )  variance india tee demonet ated value me~ ~s the antic m a  ed pool.

_____________________ ____________-I. ______________ 
_______________ _______________
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TECHNICAL PERFOR MA NCE MFASURE}€NT COMPA R ISON

K—Band, MIC, Image Reject Mixer

(Final Product)

Date : Y I

tO Power — 
—

Planned Frequency Demonstrated Demonstrated
Psiameter Value 0Hz. Value Variance

dB, dB. dB,

Cenvereien Lias 9.5 tB,
Max 

18.0 ~~~~

19.0 7..8

20,0 
- 

1-9
21.0 

~~~
4-

22.0 ~ ,..o — 1 - 5
23.0 - 1 .~~ — 1-7

214.0 7 5
25.0 1.8
26.0 8.1

26.5 9.5

Noise Figure 11.0 dB. 25.0 9.9
Max.

Approved by: .._.2 i_.

~T;~! 

-_
_.._.

(..) vari ice india te~ demona t ated value me a the anticipa ed goal.
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TECHNICAL PERFORMANCE MEASUREME NT COMPARISON

K—Ba nd, MIC, Image Reject Mixer

(Fir.al. Product)

Date:________

LO Paver - + ~~~
. 

~~ dBm,

Planned Frequeicy Demonstrated Demonstrated
Parameter Value 0Hz. Value Varia nce

dB. dB,

U) to RF 11.0 dB.
Isolation Max.

18.0 ‘ C O  4L0

19.0 / o . o

20.0 j/.5 — 0. 5

21.0 11.0 — 0 . 1

22.0 j 4 .~ -

23.0 2 / . o —

214.0

25.0 ,s.~
26.0

26.5 ~~~~~~~~~~~~

Anoroved by:

(— )  variance m d  ~a tes demons rated value a eta the antic i- ted poal.
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TECHNICAL PERFORMA NC E MEASURE MENT COMPA R ISON

K—Band , MIC , Image Reject Mixer

(Final Product)

Date:________

tO Power — +(~2 dBm.

Planned Frequeecy Demonstrated Demonstrated
Parameter Value OHs. Value Variance

dB. dB, dB.

2x 2  35.0 dB,
Spurious Mm .

18.0 4-’~- 
-

~~~~~~~

1.9.0 44
- 20,0 54 -

~~~~~~~

21.0 55 ..)r’ZC)

22.0 . 4-4-

23.0

214.0 4-5

25.0 4-(o

26.0 5~ 7 .~21

26.5 50

Approv ed b y :  ~~~~~~~~ ~~

~—~~~ (1

(+) variance iN catea demon trated value i :ets the antic: ated goal.
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TECHNICAL PERFORMANC E MEASURE MENT COMPA RISON

&.Band, MIE, Image Reject Mixer

(Final. Product)

Date :________

tO Power —

Planned Frequemey Demonstrated Demonstrated
Pora meter Value GH~. Value Variance

dB, dB, dB.

Iemge Rejectici 1.5.0 dB.
Ilin.

18.0

19.0 -k- 2-3

20.0 2~1

21.0

22.0

23.0 ~. 8

2i~.0 2~a
25.0 2~
26.0 +9
26.5

Approved by: ._
~~~~ki-~~~~

(+) variance m d  cate~ demon trated value i eta the ant id ated ~oa1,
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Appendix C

OPERATING INSTRUCT I ONS FOR THE Ka-BAN D , BALANCED MIXER ,
- MODEL RBM-l

I
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Appendix  C

O P E R A T I N G  INST RC CT I ONS FOR TIlE En—BAN !) , BALANCED M I X E R ,
MODEL R B M— l

- 
1. Description

a . General

The Ka—band (26.5—to—40 .0—GHz) MIC , Balanced Mixer utilizes the

latest microwave integrated—circuit techniques to realize for the first

time a broadband , balanced mixer covering the entire Ka—band . Specifi-

cations are shown in Table C-i.

Table C-i

SPECIFICAT I ONS OF Ka-BAND IMAGE-REJECT MIXER

Specifications

RF Frequency Range : 26.5—40 GHz
LO Power Range : 3-10 dBm
IF Fre quency Range : 

- 
0.03-2 GHz
(without blo~~ ing capacitor
dc——8 GIIz)

Connector Type

RF Port Waveguicle WR28
LO Port MPC2 (male)
IF Port SMA (female)

Power Supply Requirements

Normal operation : +15 + 5~ volts at 1 .5 mA
—15 + 5’ volts at 1 .5 mA

Absolute maximum : +25 volts
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b . Connectors

RF Connector——The RF input is in waveguide WR28 mating with

F’lange UG(599)/U and -1-1 0 screw holes.

LO Connector--The LO input is designed for connecting directly

to 0.085-inch semirigid coaxial cable so that the mixer can be easily

integrated with a \IG—tuned local oscillator . For testing purposes , the

coaxial cable has been f i t t e d  wi th a type MPC 2 male connector (Maury

Microwave Corporation) and mates with the waveguide to female MPC2 coax

adapter Model . No . SR8O12A from Maury Microwave Corpo ration .

IF Connectors—-The IF port connector is a female SMA type .

c. Mounting

The mixer may be mounted in any position by means of 4-40

screws and two tapped holes in the bottom of the m i x e r box .

2. Environmental Limits

The following limits should not be exceeded :

‘ Maximum storage temperature 80°C

Minimum storage temperature -20°C

3. Power—Supply Requirements

For optimized performance, each of the two mixer diodes requires

approximately 1 .5 mA f orward bi as . Bias currents must be supplied from

two external 15—Vdc power supplies . The +15 volts are applied to power

connector FL1 , and the —15 volts to power connector FL2 , both wi th re-

spect to frame ground . For connector l ayout , see FigureC-l .
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App rox imat  c l v  1. 5 mA w i l l  be drawn f rom each s u p p ly  when ad j u s t  < d

to 15 V .

4 . Oper a t i on

Befo re p l a c i n g  the  K—band  im a ge - r e j e c t  m i x e r  i n t o  ( ,p e r a t i on , rev iew

t h e  genera l p r e c a u t ion s  no ted  in  See t ion  5 o t t h i s  append ix . Then proceed

w i t h  the following steps :

(1) Connect power supplies.

(2) Measure currents from each power supply while inc reasing
voltages from zero to 15 volts. Currents should increase
wi th voltage to a value of approximately 1.5 mA for each
supply.

(3) Connect local-oscillator source of 3—to—i0-dflm power
outpu t to the coaxial connector (MPC2) labeled P1 .

(4) Connect RF si gnal source to waveguide input. The dif-
ference between the LO and RF frequencies must be within
the 30-MHz—to-2-GHz range .

(5) Connect IF amplifier with 50-ohm input impedanc e or
50—ohm load as appropriate to IF outpu t Port Ji
(Figure A-i).

5. Precau tions

The following procedures should be noted and applied during handling ,

installation , and operation of the Ka—band balanced mixer:

(1) Mixer diodes may be damaged by static discharges. While
each mixer diode in the balanced mixer is buffered by re-
sistors and heavily bypassed , all leads should be grounded
to the mixer case before connecting to the feedthrough
terminals. Soldering-iron power cords should be discon-
nected from the power source and connec ted to the mixer
case immediately prior to and during soldering to feed—
through terminals. All coax cables should be discharged
by connecting the shield and center conductors simultane-
ously to the mi xer case prior to connection to the mixer ports.
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(2) 1 t i ‘- I comml nded t h a t  I hP I ( ( ( I t  h rough I ermi  n a l  s In cofl —
O l e  1 4 ( 1  I ) V  I I t’ x i  1) 1 e W i  ~ ( -  I ~ 51 )11(11 V f llO Ufl  t cd t c m i  flu 1
5 t ri p i i  I 1 e(IuP f l  t ( Of l f iO (  t i on ( ‘h an ~~ ~ a I I  ( O f i  I (~Ilij ) I a t  t’d
Conner t I 015 ( U11 I l)( fl IS’ made a t  I he I c rmi flu I si I I  p . lIe—

causc I he feed I h r ou gh s  a t ( fiPc( s sa r i  1 v sina 11 , t m v  shot i  lii
be pr o t Pt’ t ed  i roni mechan i Ca st  l a i n  0! I ( p ( ’u t e ( I  11 c x i  ng
10 pr( v c nt b r e a k i n g  t h e  snta 11 ce n te r  con (luc to r

(3)  The IA) i n p u t  p o r t  (l ’l)  o I the balanced in i X C I ’  1 5 I 1 t t 0(1
wi h a ~1l~C2 connt• c t o r  , T h i s  connector does not m a t e
prope r ly  w i t h  SMA—t vpe connec tors , although the  nuts are

t h e  same . A t t e m p t s  to lorce a m a t e  co uld resu l t  in damage
to the  connec tor . The MPC2 connector  i s  of muc h h i g h e r
Prc~~~~~~n t h a n  the  SMA type  connector  and i s  necessary  a t
K and Ka ha nds in o rde r  to  ach i eve  good p e r f o r m a n c e .

(4 )  The hO i npu t to the  Ka—band m i x e r  is in 0 .085—i nch c o a x i a l
cable fo r  easy i n t e g r a t i o n  wi th Y 1G — t u n e d  o s c il l a t o r s .
Ca re should  be exerc ised  when c o n n e c t i n g  the  10 i n p u t to
a si gnal  source so t h a t  t he  cable  is not  bent or placed i n
t or s iona l  s t r a i n . Any bends , sm a l l  ki nks , or t w i s ts  can

have (legrading e f f e c ts  on the m i x e r  p e r f o r m a n c e .

(5) The mi xer has test points under the top cover to monitor
the diode voltages . The voltages should be measured using
a meter with at least 1 megohm i nput impedance. With full
bias applied , the total voltage between the two test points
should be 1.2 to 1.4 volts . The voltage of each diode to
ground lies within 12 volts .
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Appendix D

FINAL TECHN I CAL PERFORM ANCE MEASUREMENT
COMPARISON FOR THE Ka-BANI) BALANCED MIXER ,

MODEL RBM-l
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App en( I i  X I)

p
F 1 N:\l lECIIN ICAL PERFORM ANCE M E A SI ’ R E M I ;N l’

COMPARI SON FOR TIlE Ku—BAN!) h~~I.AN( 1:I) ~1I XI II ,
MODE!. R U M — I

I n t r o d u c t i o n

P e r f o r m a n c e  goals  fo r  t h e  K u — b a n d , M! C , ha ! un coil i xci’ a re  as

f o i l  ows : *

Input hO power level 0 dBm mini n u n
+6 (I Bm ~i aY  i mum

ho—por t  VSWR 3 . 0: 1 m a x i m u m
2.5:1 typical

RF—port \SWR 3. 0 :1  m a x i m u m
2. 5 : 1  t y p i c a l

IF—port VSWII 2 . 0:1 m a x i m u m
1.5:1 typical

Conversion loss , RI’ to IF 9.0 CIII maximum

(dc—to— 1O-~ Hz IF bandwidth) 8.0 dD t y p i c a l

Noise fi gure (using 1.5—dB—no i se—figure 10.5 dB maximum

IF amplifier at 168 MHz ; IF bandwidth is 9.5 dB typical

110 MHz)

LO—to—RF isolation 20.0 dB m a x i m u m
25 .() (III t y p i c a l

2 V 2 balance 40.0 dl] typical

Because some of the performance goals are in term s of maximum values

(conversion loss , for example) and others are in terms of minim um values

(2 )‘ 2 balance , for example) , the following convention is established

with regard to the listed “demonstrated variance:”

From SRI Proposal ERU 73—210 , Section IV-D ,
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I ) For  per formance  goals  w i t h  a max i  nnim upper  bound

(a) A posit ivc ( -+ ) d e m o n s t r a t e d  v a r i a n c e  i n d i c a te s
a demonstrated value grea t er t h a n  t h e  max imum
performance goal . ‘Fhe demonst rate (l pei’fot’~ an(’e
(toes not meet the antl (’ipate (l goal.

(b) A negative ( — )  demonstrated variance ind .:’alcs
a demonstrated value It s~ t han the maximum
per formance goal . The (I ( mon s t m a t e d  j )( t’ hi  rmaflce

meets the ant i l  I p a t  ed goal

(2) For per formance goal s with a mini mum lower bound .

(a) A positive ( 4 )  demonstrated varianc e indicates
a demonstrated value greater t han the minimum
performance g )a1 . The dcrnonst rated performance
meets the anticipated goal .

(b) A negative ( — )  demonstrated variance indicates
a demonstrated value less than the minimum
performance goal . The demonstrated performant
does not meet the antic ipated goal .

The convention is summarized in the following tabulation :

Planned Demonstrated Demonstrated Performance
Value Variance Relative to Goal

Max + Does not meet anticipated goal
- Does meet anticipated goal

Mm + Does meet antici pated goal
- Does not meet anticipated goal

2. Technical Performance Measurement Comparison

The final measured performance of the Ka-band , MJ C , balanced mixer

(Model RBM—1) is compared to the desi gn goals on the following log sheets.

Data are included for three local-oscillator drive levels: +3, +6 , and

+10 dBm . The data at +3 dBm drive are presented firs t , followed by data

at +6 and +10 dBm .
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TECHNICAL PFRFORMANC E I SUI~~l€NT CO~~ARISON

K -Band Balanced Mixera
(Fir.a]. Product)

RBM 1 Date : //z//7s

LO Power — t 3  dBm.

Planned Frequency Demonstrated remonstrated
Parameter Value 0Hz. Val’ie Variance

10 Ik r t  VSWR 3 .0 :1  max 26.5 I.~~ 
— /2 .

28

29 3.o —0 . 0

30 
~~~~~~~

31 3.o

- 
32 . Z o

33 _ , 4

34 2..o

35 2..~ — 0 . 2
36 ~~~
37 Z.~ — o.9

38 i . 3  .-_~~~. 7
39~~ Z..o

40 3.. o —~~~~~‘°

Tested by:

App roved by: .,4i.cJ.

(— ) Variance indic tea denionat ited value mee a the anticipat d goal.
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TECHNICAL P? RFQ~FLkNCE I~;AsU}~ l~~NT C0~~ARIS0~

K -Band Balanced M ixer
a

(Fii~al Product)

REM-i Date:_________

LO Power 
_ _ _ _ _ _ _  

dBm .

Planned Frequency Denonstrated Demonstrated
Parameter Value 0Hz. Value : Variance

RF Port VSWR 3.0:1 max 26.5 1.3 6 — / 6 9

28 /75 — I 2S’~
29 ~‘-~~~~~ — / . 35

30 / . e~’
31 /.E’~

32 /.7Z — # 2 5

33 / 5 1

34 1.5,3

35 1.13 — .87
36 . ./ .O~
37 / .ZZ .  —/.7t
38 I-S .c

39 / .~~0

40 - /-9 1

~~sted by :

App roved by:

(—) Variance th dic tea demon at ‘~ted value nice s the antici pa l ‘d goal.
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TECHNICAL F flT ’C ~NC E I .~~1Y}~~I5~NT CO~~Pi~RIS O~I

K —Ba n d Balanced tiixera

(Final Product) -

Date :__________

LU Power • -t- 3 dBm ,

Planned Frequency Demonz~trat eci Ee!-onstrated
Parar~ter Value 0Hz. Value Variance

iF Port VSWR 2.0:1 max 100 MHz to I. 33 ~V4i( — Q.6 7
2.0 GHz

Tested by:

Approved by:

(—) Varianc e ind ic~ tes demonst,r ted value meet ’ the antic ipat d goal.
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TECHNICAL F~RFCR MAN CE VEAS F~ !’~~ T C0X?A R LSO~I

K —Band Balanced M ixer
a

(Final Product)

RBM”i Date:___________

LO Power- i3  dBm,

Planned Frequency Eertonstrated Demonstrated
Parameter Value GH~. Value Variance

Conv~rsjon thss 9.0 dB max 26.5 / -0  — / 0

28

29 ~~~~
30 72’
31 7.~~ —l . a

32 7.7 — ‘. 3
33

34

35 ~.O —/.c)

36 7.g —1.2.

37 ?o — / 0

38

39 £6
40 ‘16

Noise Fig ure ‘10. 5 dl] ma: 39

Tested by:

Approved by:

(—) Variance indic tea demonat : ted value moo s the anticip a t ‘d goal.
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TECHN ICAL 1FR ~T~~tk~ CE i~-:/ ’~~ F tl’NT CO~~~ 1~ FCN

K —Band Ua lanced  L~i x r

(Fir.al Product)

RBM-i Date: 1/21/75

L0 Pow~r *3 dBm s

Planned Frequency Demonstrated Demonstrated
Parameter Value GHz. Value Variance

10 to RF Isolation 20.0 dB mm 26.5

28 I I

29 3/ 4 - I )

30 30 4 -t O

31 U, -i- Co

32 
~~

33 3’ 4”

34 40

35 25

36 2~

37

38 20

39 35 4 - I S

40 33 -i.-i3

Tea ted b y :

Approved by:

*4)  Variance ind t c~ ‘Os demo nat r ted value meet the ant icipat  d goal.
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TEC HN ICA L I -‘CT? !’tkNCF !’l ’ I~~N~~fl C ) ~ °A R ISC~1

K —Band Balanced Mixer

(Fir.al Product)

}IBM 1 Da to:__________

LU Power • ~ 3 dI3m ,

Planned Frequency Der.or.~trated Denonstrated
Parameter Value 0Hz. Value Variance

2 x 2 Spuriou s 35.0 dB mu 26.5 45 + tO

28 45 .4- 10

29 4 3 -  -4- 8
30 -4- tO
31 46
32 -e- i )

33 4;z.
34 42.

35 4-1
36 .,4~

37 43 .4- 8
38 39 4-4~

39 42.
40 46 - i - I l

Tested by :

App roved b y :  _41c_~.

cf’) Va riance indic tes demonst i ’ited value mee a the an t ic i pa t  ‘d goal.
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p TECHNICAL ~~~~~~~~~~~~~ ~.~~ ! - ~-~ ;1’ (;c~>?P I tL ~C~

K -Band Balanc ed M ixer

(Final Product)

RUM -i Date: ~ 7z ’/7s

LU Pow er - “ 6 dI~~.

Planned Frequency Deror~r t ra ted  t~~~~n s t r nt ”~
Parar-eter Value 0Hz, Va lue Variance

LO Port  VSWR 3.0:1 max 26.5 — i,a
28 2-6
29 3~~.

30 ?~~~-

31

- 
32 Z . 3  — 0 . i
33 ~~~ ~~~~~~~~~~~

34 (. 8  
~~~~~~~~~~

35 i.-’
36 -, 2.(. _ c . C4
37

38

39 Z .(
40 3.o ~~~~o

Tested by :

Approved by:

(—) Variance indic tes demonsti ted value mee a the anticipat~d goa l.

107



TECHNICAL NCE I P ‘w~i~~ r COMPA RIS O~I

K —Band Ha lanced Mixer

(Final Product)

RI3M-1 Date: i/2//7S

LO Power -t-~~ dBm.

Plannea Frequency Demonstrated Demonstrated
Parameter Value 0Hz . Value Variance

RF Por t VSWR 3.0:1 max 26. 5 
- 

,,Q~

28 / . 9o —1.10

29 j ’So~- —j ~ lO

30 1,65 — /. 35,

31 —1. 0

32 / . j( —1.0 1.

- 
;.~~~,

-_ ,‘. 7~~
36 

~~~~~~~~~~~~

37 / _ /~~ —i..?6

38 ,.,2.. /‘ ~S
39 1.38 — ,‘

~~~~~~~ .

40 / . 7C

Tested by :

App roved by:

(—) Va riance indi c tea domonstz ’i tcd value ace a the ant icipa ’ ~d goal.
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TECHNICAL F’~~ FORI’~ANCE I~~n~ 1fl~~1~~~r CO >PP.PISON

K — Ban d Balanced Mixer
a

(Final Product)

RBM 1 Date : //~~/7s

LU Power - dBn .

Planned Frequency Denon str at ed Denon st ra t ’~d
Parameter Value 0Hz. Value Variance

IF Port VSWR 2 .0:1- ma x 100 MHz to /27 ~~~~~~~ 
—‘ 0. 73

2.0 GHz

Tested by:

Approved by :

(— ) Va riance ind i - tea detnon str ted value meet the a n t i c  lpat ( d goal.

109



TEC HNICAL r -~RFaR MAN cE ASU~~ M~~T C0~ ?ARIS CN

K -Band Balanced Mixer
0

(Final Product) -

REM-i Date:__________

LU Power ÷6 - dBn.

Planned Frequency Dcr~onstrated Demonstrat~d
Parameter Value GHz. Value Variance

Conversion I~ ss 9.0 dB max 26. 5 7.8 — 1 . 2

28 &~2.

29 7~~
.

30

31 7, — 1. 1

7_ S
—l . a

34 7.~
35 7.4
36 . . 7~
37 7.?

38 7,7
39 7.3

40 g. z. —0 .
~

,

Noise Fi gure 10.5 dE ma: 39 ‘~./  —I ’ 4.
Tested by:

Approved by:

(.—) Var iance indic tea demonati ~ted valuc mee a the an t icipa t •d goal.
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TEC HN ICAL r~~~(~~ AN cE 1 ! ~~~ :!~ !~r CO~~ P C ~I

K —Band Balanced Mixer

(Final Product)
REM-i Date : iJ z_z~/ i5’

LU Power -1-6 dflm.

Planned Frequency Demon str ated E~r.onstra ted
Parameter Value 0Hz. Value Variance

LO to HF Isolation 20. 0 dB mm 26. 5 ‘8 —2.0

28 
2./

3o29

30 30

31 27 47.0

32 z. 4’.
33 3/.

÷iz o
#4.0

36 27 #7.o
÷4.0

38 /9 7O

39

40 3t
Tested by:

Approved by:

(4) Variance indic tea demonst i- ted value moe the an t ic ipat  ‘d goal.
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TECH N ICAL P~RF(1~ 1ANCE I~- A ~ T ~I’~ NT C0~2’ARIS 0U

K —Ba n d Balanced M ixer

(Final Product)

RBM 1 Date : /722/7’S

LU Power • 
__________ 

8Dm .

Planned Frequency Demonstrated Der~onstrated
Parameter Value 0Hz. Value Variance

2 x 2 Spur ious 35.0 dB m u 26.5 4S +10

28 4’.9
29 43 ’
30 4S’ -i-to

31 44
32 4C -i- U
33 42. + 1
34 4Z 4- 1

35 43 .
36 .,47 4.IZ

37 4.1
38 4S -i - ia

39 44
40 45 4- 10

Test ed by:

Approved by: J ~5

~+) Va riance indic tea dcmon a t i ,~t ed value moo a the ant ic i pa ‘d goal.
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TECHNICAL ~‘F ’OYfl~A fl ’~E !, ‘~
‘- CO~7A R L’~CN

K —Band Ilalanccd Mi xer

(Final Product)

RBM 1 Date:_________

LO Power - # 14.) 8Dm.

Planned Frequency Denonstr ated Den onstr at ed
Parameter Value 0Hz. Value Variance

1.0 Port  VSWR 3.0:1 max 26.5 2.0

28 Z.’~
29 5.~~
30 3, ’~ *0. 3
31 3.4.. 4-0.4

- 
32 Z7. — 0.2

34 -7__ .I _ 0 ,q

35 Z-L  —0 4-

36 .• Z~.(• _ o.4
37 L.~~
38 t.Z~

—0. 7
40

Tested by :  
-

Approved by:

• (—) Variance indic tea demon st i L t cd value ace s the anticipat~d goal.
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TECH N ICAL ~-~ RF aM~’,N ~E ~~:A~;UJ J- :-~ :~.T CO~~~ ~~~;ON

K —Band Balanced  M i x - i -
a

(Final Product)

R UM —i Date: ij ii/ l5 
—

LU Power - #10 dRm.

Planned Frequency Demonstrated Eer r~ ’~rnted
Parameter Value GH~. Value Variance

RF Port VSWR 3.0:1 max 26.5 1-53 — 1.47

28 2. /

29 2.0 ’

30 ,.q~ —1. 02.

31 Z .3
32 —0 . 7

34

35 t.4~ — l.SS

36 . ,% . 5~ — I s o
37 I .~~0 — i . 7 0

38 I . 1 Z

39 i .L~~
40

Tested by:

Approved by: %d*f’~J..

C—) Variance indic tel demon sti-ited value see a the antic ipa ‘d goal.
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TEC HN ICAL ~~~~~~~~~~~~~ I ‘
~~~

: - ‘ ‘ -
~ :~~ :~

‘

K - — Ila ad Ba 1 i 
-

(Final.

- i:i ’ l  Dat” :
__________

1,0 ~~~~ ~~ /O dflm.

Planned Freq~:’~. ~y :~ r at ed  : a n ~ tr ,~t”d
Parameter Value GF~z. Value Variance

IF Port VSW R 2. 0:1 max 100 ~::~~
- to ic .w~~~ —

2.0 (~ !2~

Tested by:  hc_4
~

.
~

d•._
Approved by:

I ,
(—) Variance indic i Lea demonstr~ ted va lue  meet the a t it i c ip a t i  (I Koii.
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TECHNICAL FC~fl’!ANCE !~ ~f lC~1’~~T C ’?AHLS C~

K —Band Balanced Mixer

(Final Product) -

RBM 1 Date:  //z, /‘

LU Pcr,;er - .~-iO dBm 0

Planned Frequency Demonstrated Ee’-~onstratedParameter Value 6Hz. Value Variance

Conversion Loss 9.0 dB max 26. 5 — 1.0

28 _ C
~7

29 7.~~ ’ — 1(0

30 7.Z

31 7.1 —/. Z

- 
32 7.5

33 7.9 —/ . f
34 8 o  —l. a

35 — / 6
36 .~ 7-C —/ .4-

37 7.1

38 7.4- — / 1
39 1.7 -2 . 3

- 40 76
Noise Figure 

- 

‘10.5 dB ma: 39 14 —I. 9

Tested by:

Approved by:

i—) Variance tndtc tea demonat Lted value m o o  a the nn t i c ipa t~ d goal.
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TL-~GI~ :~~‘L rr!~ ~~~ ~~~~~~~~~~~ C~~~~~I’~ [ CN

K — B and Ma lanced ~‘ i x~~r

(Final Product)

Jth?~-l Date : ‘/z zj i s 
-

LU Po~ ’r - _ -#-(O 8Dm,

Planned Frequency Demons~ r - -t ’d  r~~-~-~n atr at .ed
Parameter Value GHz. Val ue Variance

1.0 to RF I so la t ion 20. 0 dL3 nUn 26. 5 “7

28 2~~
29 30

30 30 ~4 - t O

31

32 Z.~ -4-- S

33 3c~~,

34 33
35 Z3

36

37 z.4-
38 ’ , ‘

39 37- 4- li .

40 3z.

Tested by :

Approved by:

~+) Variance indic Lea demonst r ted value mee t i the an t t c ip a t  -ci goal .
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T1’.CHN1 CLL I I~ - C’ !.~ Ifl~ ’~• ’ - :o:•~-

K —Band I~ lanccd l’ i -r
a

(Final Product - )

Date :___________

LU Power - +/0 
— 

8Dm ,

Planned Frequency Denor ,:~~rat~ d ~~ n~ t ra ted
Parameter Value GHz. Value Var iance

2 x 2 Spurious 35.0 dB mir 26.5 4S + tO

28 S3

29 43 -4- ,!

30 -4- t O

31 -‘- U

- 
32 4h~ .4- I l

33 43 ,
34 +8
35 43 -i- B
36 4.7
37 4(1,

38 4S -4-13

39

40 ‘45 -4-tO

Tested by: ~~~~~~

Approved by: cfl’;J~..

ti) Variance ind ic tea demonat ited value moo a the an t i c i pat  ~d goal .
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